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TION tn THE ARID REGION oF WESTERN 
AMERICA. 


By A. B. WYCKOFF. 


I. IRRIGATION. 


Irrigation antedates authentic history. This statement 
is proven by the existence of most wonderful ruins in Asia 
and Africa, of pools or reservoirs, canals and aqueducts, of 
the construction and use of which only the most indefinite 
and unsatisfactory traditions can be obtained. Surmises 
exist in abundance, but no actual knowledge. These great 
monuments of hydraulic engineering have excited the won- 
der and admiration of modern scientists. In fact, until 
within a generation of the present, no practical advance 
had been made in the science of irrigation for 3,000 
years. Many of the great irrigation works of antiquity were 
destroyed or abandoned as the results of wars or the convul- 
sions of Nature, and as the ancient local civilization disap- 
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peared, the lands again became desert, and the small rem- 
nants of the races sank into savagery and barbarism. 

The extent of some of these great hydraulic works can be 
conjectured from the ruins remaining. Lake Maeris, in 
Egypt, was constructed at least 2,000 years before Christ. 
Its dimensions were sufficient to regulate the annual inun- 
dation of the Nile, receiving the surplus waters when there 
was danger ofa flood, and supplying the needed deficiency 
when the river reached a stage which would not irrigate the 
crops. This, with other large reservoirs of flood waters, 
enabled a population of 20,000,000, to exist in the valley of 
the Nile, while it now supports barely one-fourth of the 
number. 

In ancient times the valleys of the Euphrates and Tigris, 
now almost a desert, were densely populated. Four thousand 
years ago the rulers of Assyria had converted those sterile 
plains and valleys into gardens of extreme productiveness, 
by the construction of immense artificial lakes for the con- 
servation of the flood waters of the rivers, and great dis- 
tributing canals for irrigation. One of these canals, sup- 
plied by the Tigris, was over 400 miles long and from 200 to 
400 feet broad, with sufficient depth for the navigation of 
the vessels of that time. Throughout Judea the ancient 
Jews constructed many pools, tanks and wells for the irriga- 
tion of their fields. The Greeks of that age also understood 
the science of hydraulics, as is shown by the remains of 
great aqueducts. The Phoenicians converted a portion of 
Northern Africa into fields and gardens by extensive irriga- 
tion works. The Romans thoroughly mastered this science 
and drained the Pontine marshes, supplied Rome with the 
purest waterand developed the agricultural resources of 
Italy. In France, Spain and Portugal they built aqueducts 
to supply the cities with water, and canals to irrigate the 
valleys. In India, tanks, reservoirs and irrigating canals 
were constructed many centuries before the Christian era, 
and a great part of that country was kept in the highest 
state of cultivation. Some of the tanks or artificial lakes 
covered many square miles, and were often fifty feet in 
depth. The English Government, in recent years, has re- 
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opened the ancient irrigating canais, and has built thou- 
sands of miles of new ones to prevent the recurrence of the 
dreadful famines formerly experienced in that densely popu- 
lated country. About $200,000,000 have been expended 
on these works, which pay a good interest on the invest- 
ment through water rentals and the enormously increased 
revenue from the land taxes. In addition to the millions of 
acres reclaimed by the government works, each village has its 
tank, built of masonry and concrete, for domestic and irriga- 
tion purposes. The English also found extensive irrigation 
works in Ceylon, which they have improved and amplified 
during the last thirty years, thereby greatly increasing the 
population and revenues. 

Most of the canals of China probably antedate the Chris- 
tianera. They intersect the country in every direction and 
are used for navigation as well as irrigation. The water is 
lifted from the canals by primitive pumps or wheels worked 
by men or oxen. There is no extensive storage of water, 
although the country is well suited for it. While there are 
no ancient works in Japan, the entire arable lands, even to 
the tops of the hills, are most highly cultivated by small 
community irrigation systems, which conserve all the water 
from the numerous springs and streams. 

America is not without ancient irrigation systems, as is 
proven by the ruins of extensive canals and large reservoirs 
found in Peru, Bolivia, Chili and the Argentine. Some of 
these have been renewed and new works constructed, espe- 
cially in the Argentine Republic. Evidences exist in New 
Mexico and Arizona that in prehistoric times, a race now 
extinct, had extensive irrigation works and cultivated large 
areas. Some of the Indians in New Mexico, and the Moqui, 
Maricopa and Pima tribes in Arizona, have lived upon the 
same lands for hundreds of years by means of primitive 
systems of irrigation. 

The importance of this subject is shown by the fact that 
more than half the human race subsist upon the products of 
irrigated lands. To a resident of the humid regions this 
statement is no doubt startling, but even a cursory investi- 
gation will convince him of its truth. The rice-eaters out- 
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number the wheat-eaters more than two to one, and all rice 
is grown by irrigation. The hundreds of millions in China, 
Japan and India live almost entirely on rice. 

It is only recently that irrigation has become an important 
factor in our political economy. As long as the surplus 
population of the older States could obtain homes on the 
public domain in the humid regions, no thought of the 
reclamation of the arid lands was entertained. The insatia- 
ble craving for 160-acre farms even led to the settlement of 
the semi-arid regions of western Kansas and Nebraska, 
where the rainfall was known to be insufficient and unre- 
liable. The result has been years of suffering and lost 
efforts, and even appeals to older communities for food, 
Had the past history of the world been rightly studied by 
our political economists, these hardy and intelligent pioneers 
might have been directed to the arid valleys of the great 
West, where prosperous and independent communities 
would now exist. But the practice of our farmers has been 
anything but practical and economical, and intensified cul- 
tivation and diversified crops are still repugnant ideas to 
the great majority of our agriculturists. However, the time 
has arrived when the problem of our arid lands has become 
one of the most important before our legislators. The tide 
which has so long been setting towards the cities must be 
turned to suburban life if we are to escape social convul- 
sions. There are thousands of intelligent and industrious 
men anxious for country homes, but without knowledge as 
to where they can be found. They are told that Uncle Sam's 
free land is exhausted and, in consequence, when an Indian 
reservation with poor soil in some semi-arid region, is 
thrown open to settlement, there are thirty men on the rush 
line for every homestead. The money spent in reaching 
the reservation and waiting for the opening would have 
enabled them to acquire small prosperous homes under 
some irrigating ditch. 

The country must be educated before the congested East 
will be relieved of its surplus population, and the arid lands 
of the West be settled. No more important practical and 
social question confronts us, and the philanthropists, states- 
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men and editors, should embark in this great educational 
movement. Already eminent men in Boston and Chicago 
have begun the formation of societies, similar to Chautauqua 
circles, to disseminate information regarding this subject, 
and they should be started in every town and village in the 
land. Itis, no doubt, difficult to interest the residents of 
the humid regions in this matter; but after their experiences 
during the past few months, descriptions of the constant 
genial weather and abundant crops of all kinds in irrigated 
districts of the West should arouse a veritable enthusiasm 
and lead to a new crusade in search of homes in the arid 
regions. 

With irrigation, agriculture is made a safe and secure in- 
vestment. Contrast the life of a farmer under a good irri- 
gation canal with one in the humid regions: the ever- 
corroding anxiety of the latter, watching and praying for 
rain while his crops wilt and die, or the sudden blasting of 
his hopes by storm and flood; while the former, in perfect 
security, cultivates his crops and turns in the life-giving 
waters when necessary. Compare, again, the existence of a 
clerk or mechanic, no matter how good his position, with 
the owner of twenty acres of unmortgaged irrigated land, 
cultivated to insure an abundance of nearly everything that 
his family consumes. The one is a servant with an inse- 
cure living, while the other is a virtual sovereign in his 
security and independence. In no situation in life should 
there be as much health, happiness, freedom and content- 
ment for the average family as on the little irrigated estate, 
for their modest wants can be met and their daily bread 
secured as long as they remain frugal and industrious. The 
experience of a ministerial friend illustrates so aptly the 
difference that I may be pardoned for introducing it here. 
He was making a long bicycle trip, and at midday arrived 
at the residence of a farmerin western Kansas. He saw 
in the fields about the house very thriving and abundant 
crops, in great contrast with the locality through which he 
had recently passed. Although not in clerical garb, the 
good man thought that he should put in a word in season, 
and at the close of the meal, to which he had been invited, 
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he remarked to his host: “Mr. Brown, I noticed that you 
have very thrifty and abundant crops. You should be very 
thankful to divine Providence.” The farmer looked at him 
for a moment and then said: “Stranger, we don't care 
nothing for Providence here, we're under the company’s 
ditch.” 

As irrigation is the artificial application of water to land 
for the purpose of promoting agriculture, it follows, on 
account of the limited water supply, that only a small pro. 
portion of our arid lands can ever be brought under culti- 
vation. But that does not proportionately diminish its 
economic value in comparison with the much greater area 
of the humid regions, for, as acre to acre, they are as six or 
eight to one. In other words, an industrious family on a 
twenty-acre farm, under an irrigating ditch, will attain a 
more secure and permanent prosperity than on the usual 
quarter section of land in the humid regions. In addition 
to the security of an independent livelihood, the arid regions 
offer other advantages. The larger amount of sunshine 
and dryness of the atmosphere conduce to greater health- 
fulness and mére optimistic views of life. The small farm 
means intensive cultivation and more intelligence, nearer 
neighbors, less loneliness, greater social advantages, more 
churches, schools, telephones, electric lights, good roads— 
in fact, a new civilization with better homes and greater 
enjoyments than have been known in the older agricultural 
regions. The resultant man and woman should be a nobler 
type, with freer, fuller lives than the nervous, careworn, 
typical American. 

Where are these new homes to be found, and how can 
they be secured? The one-hundredth meridian is virtually 
the boundary line between the old and the new. The older 
subjugating conquest of the continent stopped there, except 
in the localities settled by mineral developments and the 
narrow humid, region along the Pacific Coast. This vast 
empire was once considered worthless by our statesmen, 
except for its mineral wealth and as a range for cattle and 
sheep. And yet this empire offers greater and more pros- 
perous industrial possibilities than any other portion of our 


Oet., 1895.] Irrigation in the Arid Region. 247 


country, because its resources are more varied and exten- 
sive. The land of the sage brush and jack rabbit is the 
most fertile and productive in the world, wherever water 
can be brought upon it, for nowhere is the soil so rich and 
the sunshine so constant. 

In the arid and sub humid regions the Government still 
owns 570,000,000 acres. About 20,000,000 acres are in parks 
and 60,000,000 acres in Indian reservations. ‘There are other 
lands given to States and private enterprises, but not yet 
patented, which would reduce the lands open to settlement 
to about 450,000,000 acres. Of course, the lands given 
States and corporations can be purchased, and much of the 
area of the Indian reservations will eventually be thrown 
open for settlement. <A large percentage of this region is 
mountainous and not arable, and a still larger portion must 
remain desert and grazing lands from the absence of any 
known water supply for its reclamation. The most careful 
estimates of the reclaimable lands, without increasing their 
cost beyond a profitable figure by expensive reservoirs and 
canals, is 50,000,000 acres. Other sources of phreatic and 
artesian supply may be discovered, but it is not probable 
that more than 60,000,000 acres can ever be brought under 
cultivation by irrigation. However, that means a new 
empire, as, under the economic conditions of irrigated farm- 
ing, that amount of land will support an urban and suburban 
population of at least 30,000,000 people. 

These lands may be assigned to the different States about 
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Areas ATS VM Pe ES Pe ae ees 28 ae 

Catiienta 4/6 i.e. Ste Awe ES ee a: oe Lee 

| Pe NTT Ma Re Le Le a ee 

EON ee ee eae ee ee ee me 

Ee ee ee ee ee ee eh a 

eee gn er ee A en i Ea. ee 

MOmtRNA: 6 SS A OER Sk 6 lee ba.6h. BRS 

Nebraska . . ee re ee. are . +» 1,000,000 

> a ee ee ed een a eee 

ee ROS) ae ke ee Sei: $e, © 6 =, ne 

CE ES Ria 8 ee oS UO SS oe ae ee So 8 SNS ee 

Ullah oss Oe GOW dg Sis Sith + « « 3,000,090 


Washington . . j orig eid eS OC ee 
Wyoming ..... ae es eae 


at e 
A 
ue 
Lg 4 
ab 
443 
} 
7 
; 
i 
: 
d 
‘| 
5 
} 


Ao SEM engmiammnenager ere. os Ser ee 


Dk eta eR RARER RCE Ea 
pape ees rane 
- pI ETE aR aN pete 


Rai nen 


Se INE On Se eee ene RE a etme 8 ee 


248 Wyckoff : (J. F.1., 


One result of the reclamation and utilisation of large 
areas of the arid lands through irrigation will probably be 
the increase of the rainfall in the sub-humid regions adjoin- 
ing, to an extent which will render them far more valuable 
and reliable for the cultivation of the cereal crops. Most 
of the above acreage is already in private ownership, but as 
ditch companies hold large areas obtained through the 
desert law, or purchased from railroad companies, it can be 
bought at reasonable prices, on long-time payments. 

A conservative estimate of the amount of land under 
ditch is about 25,000,000 acres, and probably one-half of that 
is.under cultivation. Statistics gathered by the Government 
experts in the last census make the average experse of 
reclamation $8.15 per acre. The first ditches were built 
close along streams where the land was comparatively level, 
and the cost was merely nominal, but in some of the later 
projects, embracing immense reservoirs and concrete aque- 
ducts, the expense has been $100 per acre. The reclaimable 
lands not yet under ditch will necessitate much more diffi- 
cult engineering, and will raise the average price per acre of 
reclamation very considerably. The average annual return 
from irrigated lands, according to the census, is $14.87 per 
acre. This is much lower than it should be, as grass and 
pasturage lands are included in the estimate. Even that 
figure is, however, at least three times the average return of 
all the farms in the country cultivated without irrigation. 
The value of irrigated lands will soon become so great that 
in the near future the large ranches now devoted to pastur- 
age and cereal crops will be divided into small holdings, 
when intensified farming will more than double the annual 
productiveness, and the estimated average value of $83 per 
acre, 

Riverside, Cal.,may be taken as an example of what irri- 
gation will accomplish. The land, in 1870, was rated at $1 
per acre. About $100 per acre was expended in bringing 
water to the lands. It is estimated that the annual return 
from the citrus orchards is from $200 to $300 per acre, and 
they have frequently sold as high as $1,000 per acre. Near 
Fresno, Cal., unimproved sage brush land, under ditch with 
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water right, sells from $100 to $300 per acre. Before the 
day of irrigation it could be bought for $2 per acre. These 
results are, of course, far above the average, but there are 
few localities in the arid regions where the crops from irri- 
gated lands, with intensified farming, will not justify an 
average price of $100 per acre. When it is less, it is due to 
unusually poor soil, distance from market, or a poor water 
right. This estimate is made in comparison with the price 
of improved farms in Illinois or Iowa, and their average 
annual productiveness. Lands under ditch can now be 
bought in many localities for less than half that price, and 
on easy terms; but as the arid regions become settled, the 
average yield of irrigated lands, even in varied crops, will 
justify the larger price per acre. 


YAKIMA COUNTY, WASHINGTON, 


This county lies between latitudes 46° N. and 47° N., and 
longitudes, 119° W. and 122° W. It contains 5,580 square 
miles, or 3,571,200 acres, and is somewhat larger than the 
State of Connecticut. The Columbia River, one of the 
largest in the United States, borders the county on the 
north and east for over eighty miles, while the summit of 
the Cascade Mountains forms its western boundary. The 
Yakima River has its source in several lakes near the crest of 
the Cascades, and flows diagonally through the county from 
northwest to southeast, cutting through several basaltic 
ridges and the enclosed basins. A number of streams flow 
into the Yakima, principally from the westward. One of 
these, the Natchez River, is fed by the glaciers of Mount 
Ranier, and is almostas large as the Yakima itself above 
the junction. As is well known, the Cascade Mountains, 
trending north and south, divide the State of Washington 
into two nearly equal parts. On the west there is an exces- 
sively humid region, with the densest forests of enormous 
trees reaching from the snow-line down to Puget Sound and 
the Pacific Ocean. On the east, the descent, at first, is very 
abrupt, but branching ranges and the foot-hills extend long 
distances, enclosing valleys, which are heavily wooded at 
the higher elevations, and merge into sage brush and aridity 
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at their lower ends. Large streams flow through each of 
these valleys, furnishing the means for their reclamation. 

The Cascade Mountains are composed largely of volcanic 
rocks. They vary in height from 5,000 to 15,000 feet, the 
latter for Mount Ranier, probably the highest peak in the 
United States, except Mount St. Elias, in Alaska. This 
mountain is situated on the western border of Yakima 
County, while Mount Adams, nearly 10,000 feet high, is 
wholly within it. Both are extinct volcanoes, although the 
volcanic heat is still escaping through fissures in their 
craters. A number of spurs from the Cascades, from a few 
hundred to 3,000 feet high, run off to the eastward, gradu- 
ally diminishing in height as they approach the Columbia 
River. These usually have a gentle slope on one side, con- 
forming to the dip of the strata of which they are com- 
posed, but a bold scarp on the other. It is a question with 
geologists whether these basaltic ridges have been caused 
by the cooling of lava streams flowing from the volcanoes, 
or are the results of fractures of the horizontal strata and 
uplifts radiating from the mountain range. Their peculiar 
formation, with gentle slope and abrupt scarp, would 
appear to confirm the latter theory. 

Prof. I. C. Russell, of the Geological Survey, after an 
examination of this region, concluded that underlying the 
county was a great series of lava sheets, composed princi- 
pally of basaltic rocks. As the region of this lava flow is 
drained by the Columbia River, he named it ‘“ Columbia 
Lava.” It occupies an area approximately of 200,000 
square miles, and varies in thickness from afew hundred to 
several thousand feet. The Columbia Lava is not one vast 
flow, but is composed of many separate flows, sometimes 
separated by land surfaces which contain the stumps of 
large trees. This extensive series of volcanic overflows 
ended in a lacustral period when the whole of eastern 
Washington and Oregon was one vast lake. Many streams 
washed mud and sand into it, and active volcanoes 
strewed it with ashes. This accumulation of sediment 
went on for ages untilit was several hundred feet deep. As 
these lake accumulations were first examined and described 
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along the John Day River, in Oregon, they were named the 
“John Day” system. These lake deposits are unconsoli- 
dated sediment, sometimes sufficiently compact to make 
soft sandstone. The layers of sediment are interbedded 
with light flows of lava, especially on the lower levels. The 
great disturbances which pushed up the basaltic ranges and 
hills have occurred since the deposit of the John Day beds. 
During the existence of Lake John Day, the climate was 
variable, but mild, and there was a beautiful flora. After it 
came the glacial age. The great glaciers of the Cascades 
and regions farther north did not reach Yakima County, but 
the melting ice formed a lake, which covered a large part 
of central Washington. This lake.from the smali amount 
of sediment deposited in it and the not clearly marked 
beach lines caused by its waves, was probably of brief 
existence. That it covered the lower valleys in Yakima 
County is certain, as many granite and basaltic boulders 
are found which must have been brought from much farther 
north and dropped by melting icebergs floating in the 
lake. 

The last geological episode that occurred in Yakima 
County was a lava flow of molten rock from the headwaters 
of the Tiaton Creek, a tributary of the Natchez River. It 
flowed in an easterly and southeasterly course for some 
forty miles, ending at the junction of the Natchez and 
Cowychee Rivers. It was from 200 to 500 feet thick and 
from one to two miles wide. This flow of molten rock must 
have occurred after the deposition of the John Day beds 
and the subsequent upturning cf the horizontal strata. 
Weathering and erosion had cut away the soft lake deposit 
into drainage lines, one of which this latest overflow fol- 
lowed, forcing farther apart the Natchez and Cowychee 
Rivers. Unlike the older volcanic deposits, this youngest 
lava is not a basalt, but a good example of hypersthene 
andesite. 

A topographical description of Yakima County is ex- 
tremely difficult, because of the great convulsions of Nature 
which have broken the surface in all directions, and the sub- 
sequent weather erosions continuing through manv centur- 
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ies and forming numerous drainage basins. In the extreme 
eastern part of the county is a triangular plain, about fifty 
miles long and twenty miles broad at the north. Its eleva- 
tion in the eastern part is slight, but the plain gradually rises 
to the westward. until it terminates at the Rattlesnake fault, 
which reaches a height of 2,000 feet above the Columbia 
River. To the southward of the Yakima River, in the 
southeastern part of the county, is an elevated plateau 
sloping away from the high hills to the northwest down to 
the Columbia River. This plateau iscalled ‘‘ Horseheaven,” 
from the abundance of bunch grass, and, being in the Col- 
umbia River basin, is much more humid than the remainder 
of Yakima County. Neither the Rattlesnake nor Horse- 
heaven plains are favorable to the finding of a supply of 
artesian water, as the strata slope away from great faults on 
the westward, and are not again upraised to forma catch- 
ment basin. From the elevation and situation of the Horse- 
heaven country it will be impossible ever to reclaim it by 
gravity irrigation, except through the construction of reser- 
voirs to conserve the rainfall. In the western part of the 
county isa’ mountainous region, where the numerous streams 
have their sources. It comprises about 1,000,000 acres, and 
is covered with a heavy growth of pine, spruce and fir. The 
remainder of the county contains the irrigable lands, which 
are found in the Yakima and _ tributary valleys. As before 
stated, the Yakima River runs diagonally through the 
county for 125 miles, and has various tributaries from the 
westward, each watering considerable valleys. Beginning 
at the northern end of the county, these are as follows, viz. : 
Wenas, Natches, Cowiche, Ahtanum, Toppenish and 
Satus. Onthe east side of the Yakima lie the large Moxee 
and Sunnyside valleys, which are without streams, but can 
be largely watered from the main river. 

Geologists have maintained that no artesian basin existed 
in Yakima County, on account of the very broken condition 
of the country, caused by frequent volcanic action and 
upheavals of the earth’s crust destroying all regular strati- 
fication. Lying in the central part of the county, and east 
of the river, is the dry Moxee Valley, some twenty-five miles 
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long and averaging five miles in width. This valley owes 
its existence to the upheaval of its borders, and has a rapid 
incline towards the Yakima River. Several thousand acres 
of fine land in the eastern portion of the valley could not 
be redeemed by gravity irrigation. In consequence, not- 
withstanding the unfavorable prognostications, a well was 
started in 1891, about eight miles from the river, and 200 
feet above it. A strong flow of water was struck at a depth 
of 314 feet, which rose in an open tube twenty-six feet above 
the surface. Seven flowing wells have since been put down 
at surface elevations, varying from 1,085 to 1,166 feet above 
sea level. The most easterly wells found good flows of 
water at from 300 to 500 feet, while those nearer the river 
had to gotwiceas deep. The temperature of the water varies 
from 65° F. in the shallowest well to 75° F. in the deepest. 
The dip of the water-bearing strata seems to be about 
200 feet tothe mile. All of the wells show sections having 
somewhat similar characteristics, but varying as to depth and 
material of the different strata. They are throughout John 
Day beds (gravel, sand, clay, shale, sandstone), interstratified 
with thin sheets of Columbia lava, except in the extreme 
easterly wells, which encountered no basalt. It is probable 
that the records of the borings were not kept with sufficient 
care to make them thoroughly reliable,but enough data were 
obtained to show that the stratification is very much broken. 

A clear elucidation of the question of the source of this 
artesian supply, under the circumstances, is quite impossible. 
The difference in the depth of the several wells, and of the 
temperature of the water, indicate different sources of sup- 
ply, but the fact that no flowing water can be obtained at a 
greater surface elevation than 1,190 feet above the sea, as 
shown by three unsuccessful attempts, leads to the conclusion 
that the sources are virtually the same, only affected by 
peculiar local conditions in each instance. The strata are 
turned up on edge at the sides of the valley, but the limited 
rainfall precludes the idea that there is a reservoir supplied 
by the small catchment on the adjacent ridges, especially 
as the flow of the wells has continued regular throughout 
several years. The high temperature and the constant plane 
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above which the water will not rise, would seem to indicate 
that the artesian basin is an accidental one, fed through 
fissures in the Columbialava. The high temperature of the 
water may be caused by its deep source,or by the lava through 
which it passes not having cooled down below the tem- 
perature shown. A well drilled about eighteen miles west of 
the Moxee group, and the same distance from the river on 
the opposite side, at an elevation of 1,125 feet, went down 
630 feet through the John Day beds without encountering 
any basalt. Water was reached at eighty feet from the sur- 
face, but apparently under no pressure. The erosion of the 
deposits in the Moxee has evidently been much greater than 
inthe Ahtanum Valley. A well sunk 630 feet in the Horse- 
heaven country, in the southeastern part of the county, 
struck a thick stratum of basalt at a depth of twenty feet, 
showing that the surface had been almost entirely denuded 
of the John Day beds. 

The total area of irrigable lands in the county, which can 
be reclaimed at reasonable cost, amounts to about 650,000 
acres. As the Yakima River and all its tributaries have 
very rapid falls, and are not sunk in deep channels, the con- 
struction of irrigating canals is a matter of comparatively 
smallexpense. The streams being fed by the springs, snows 
and glaciers of the Cascade Mountains, the Yakima Valley 
enjoys the unique advantage of being the only locality in 
the country which has an ample and unfailing supply of 
water throughout the crop season. In fact, the superabund.- 
ance of water has thus far been rather a drawback upon the 
obtaining of the best results, from the tendency of the farm- 
ers, nearly all of whom are unacquainted with proper irri- 
gation methods, to flood their crops with too much moisture. 
It can be appreciated what this means when it isstated that 
if every drop of running water were utilised in Nevada and 
Arizona during the season, there would not be sufficient to 
irrigate one-half of one per cent. of the arid lands in those 
States. 

The following report, made by the United States Geo- 
logical Survey, shows the average discharge of the Yakima 
River, taken near its mouth. During theirrigation season, 
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from March to November, these amounts should be increased 
by the water already utilised in existing ditches: 


Cubic Feet 
per Second 


January . 

February 

March 

April 

May 

eee Ce a ner ee ae ee ee ee 
July ale ie Verse a le an MC ee : ‘hs Sx: o Oe 
eee. a ee b¥e. weal. hee 
September ..... ii. ved a ee tare an 
Gs aes 2 er ee A eee oe : : 2,662 
P,P ke Sa ORS ee eS ee Sie 
ae ee ar ar ae are the 6 iw ele Bie 


The following is from the report of Engineer F. H. New- 
ell, of the Geological Survey: 

“Comparing the estimated October discharge of the 
Yakima River with that of other rivers, the remarkably 
large volume from a relatively small watershed is apparent. 
This is best shown by the following table, which gives the 


discharge of various streams for October, 1893, and also in 
several cases for the same month in preceding years. Op- 
posite to this, for comparison, is placed the area drained, 
and in the third column the area drained by square miles of 
catchment. These last figures bring out most strongly the 
large flow of the stream. All quantities of water are given 
in second-feet (cubic feet per second of time), equaling 
about fifty miner’s inches, as commonly measured : 


J. ischarge, Drainage Area, Run-off per Square 
S-cond- Feet. Square Miles. Mile, Second-Feet. 


Yakima, 1893 . adie 3,300 o'8I 
W. Gallatin, 1893. ..... 850 0°68 
Yellowstone, 1893 .... . 2,700 0°60 
Missouri, 1891 oe 17,615 0°20 
Aguadens, 1090... . . ++ 3,060 0°17 
Arkansas, 1891 an 3,060 0°20 
Atkausa=, 3998.....5... 3,060 O17 
Rio Grande, 1892. ..... 1,4c0 o'18 
Rio Grande, 1893 ...... 1,400 orlg 
ee. Se oe eas eh ga 4,500 0°22 
Bear, 1892 .. . ee : 4,500 O17 
Beer; 1006 [i se Ses 4,500 016 
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“From the inspection of this table, which might be ex- 
tended to a far greater length, it is apparent that the canal 
owners taking water from this stream have far less to fear 
as regards their water supply than have irrigators in other 
parts of the arid regions.” 

The following table is taken from the United States Geo- 
logical Survey of 1891-92. Since that time the irrigated 
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has been calculated by including cost of leveling land for irrigation. 


Crop 
Irrigated. 
Acres 


| 3,564,416 
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* NuUTE.—This cost of $10.2 
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crop of Washington has probably doubled, and most of the 
increase has been in this county. This table proves that 
the first cost of securing water and the annual expense of 
maintaining the ditches is less than in any other State, 
while the percentage of value of crops, as compared with 
value of land, is much greater. 

The Yakima Indian Reservation, containing 887,000 
acres, is in the central part of the county, and extends from 
the Yakima River westward to the summit of the Cascade 
Mountains. The landslyingalong the river are level, rising 
gently to the westward, and over 100,000 acres can readily be 
brought under irrigation at moderateexpense. Allotments 
in severalty have been made to the Indians, and it is proba- 
ble that the remainder of the reservation will soon be thrown 
open tosettlement. As the Indians,about 1,900 in number, 
are far advanced in civilization and are self-supporting, they 
are not objectionable neighbors, but, on the contrary, are 
the most valuable hands that can be employed in the hop 
fields. 

The climate of Yakima County is exceptionally good. 
The prevailing westerly winds lose their excessive moisture 
on the crest of the Cascades, so that there are no fogs, but 
few cloudy days and only about ten inches of annual rain- 
fall. The frost leaves the ground in February, and farming 
can be begun by the end of that month. The winters are 
mild and short, with an absence of wind, and almost con- 
stant sunshine. The springs are cool, and while there is 
considerable wind it is purely local, and, on account of the 
sheltering mountains, never attains any destructive velocity. 
The summers are long and warm, but with cool nights, 
while the autumns are very pleasant. During the past six 
months, while the remainder of the United States has been 
suffering such extreme vicissitudes of climate, this valley 
has enjoyed constant delightful weather. The following 
tables are the reports of the United States weather observ- 
ers, and are taken at widely separated stations in the 
county: 
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MEAN TEMPERATURE. 


Location. ’ 9 *. Apr. May. June. July. Aug. 
North Yakima ... 7 3 49 58 65 72 72 
Fort Simcoe ... . 2 52 62 66 72 74 
Kennewick 2 3 s 55 64 70 § 77 


RAINFALL. 


North Yakima ... o , . 0°96 «61°48 «0°45 O25 COL O84 O58 O04 1°52 
Fort Simcoe .... 2° ; "34 «0°74:«CO0'98B-ss'B2_ sO" 0704 «0°24.-«COO'BIs«d'20 
Kennewick *s 0°39 «0'49 «20°38:«=(o’02-s«O's«€O'22_—s«O8'S54_«"HBsd'28 


The prevailing hygienic conditions are admirable. There 
are no sudden changes or cold, piercing winds, and while 
the summers are long and warm, there are no sultry days, 
and the cool nights permit refreshing sleep. Farmers can 
work in the fields the hottest days, and sunstrokes are un- 
known. The altitude and dryness of the atmosphere pre- 
vent the enervating effects of the hot, moist days of humid 
localities. Local physicians assure me that the climate is 
beneficial in all asthmatic, pulmonary, bronchitic, neuralgic 
and rheumatic affections. 

The soil consists mostly of sedimentary materials de- 
posited at the bottoms of the lakes, which covered these 
valleys for centuries, and was at one time of great depth. 
Weather erosions have removed much of it, but in the val- 
leys it still remains very deep. It is largely disintegrated 
basaltic rocks, and contains all the chemical elements neces- 
sary for great productiveness. While it is porous and 
absorbs water, yet it has good consistency, is easily worked 
and does not bake likeclayeylands. In Arizona and Mexico 
this basaltic soil has been under cultivation for 200 years, 
and does not seem to lose its marvellous fertility. The 
Pima Indians are known to have cultivated the same lands 
in Arizona for 500 years, and yet they remain wonderfully 
productive. The waters from the mountain streams con- 
stantly add rich materials to the irrigated lands, and pre- 
vent the necessity of ever using artificial fertilizers. The 
following tables are analyses made by the Department of 
Chemistry of the State Agricultural College at Pullman, 
Washington. They show that these soils, from widely sep- 
arated localities in Yakima County, are especially rich in 
lime, potash and phosphoric acid, the three constituents 
most essential to plant life: 
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No, i. No. 2. No. 3. 
Insoluble silica. . . . . . 64°860 71°670 60°2070 
Combined silica ..... 10°185 5‘110 18°2270 
Soluble silica. ...... "385 "180 "2100 
yn ere *700 1°070 "4328 
Raa a eee eer "700 0°350 *3739 
EN: < aianm 60.4 <6 Re 2°Uv0 1°2127 
Mawnema 2. ‘991 1°340 “7880 
Peroxide of iron ..... 4°768 6°880 5°1586 
i a 7°910 6°8906 
Phosphoric acid ..... "224 0°130 1007 
Sulphuric acid ...... "129 ‘020 trace. 
Chlorine. . ptt, S44 ‘O14 trace. ‘0058 
Water, at 120° C. > of sna I*510 3°4527 
Volatile and organic matter 2°600 I°310 3°0195 


There are many irrigation enterprises in the county, and 
of the 139,400 acres now under ditch, two-thirds were not 
available for cultivation in the spring of 1893. The finan- 
cial depression of the last two years has militated against 
the settlement of the arid regions,and yet the cultivated 
area and the population of this valley have nearly doubled 
in that time. 


The following table shows the size and cost of ditches, 
and the amount of land reclaimed and under cultivation: 


Acres Delivered 
Length under Cost Cubic Feet 
im Acres Cultiva- to per 
Canal. Miles. Reclaimed, tion. Date. Second. 


Gelah Valley Canal Co 2 6,000 1,000 $84,000 40 
Yakima Valley Canal Co 3,000 ; 65,000 25 
Takoma and Yakima Land Co. . . _ 43,000 
Natchez and Cowychee y 3,000 3 14,000 
Union Broadgauge and Shauno. . 5,000 *. 18,coo 
Moxee Canals (3) 33 5,050 *5 41,000 
Moxee Artesian Wells (8) 1,500 15,000 
Yakima Investment Co... . . 50,000 . 600,000 
Yakima Irrigating and Imp. Co. (3) 17,700 ’ 100,000 
Prosser Falls Irrigation Co 3,000 0 42,000 
Prosser-Priests Rapids 3 _ 72,000 
Ahtanum Valley (small coeele . c 16,000 16,000 25,000 
Natchez Valley ” - 8,000 8,000 6,000 
Wenas Valley 2 a ss 4,500 4,800 7.400 
Cowychee Valley ‘“ *; 6% 4,000 4,000 6,000 


Nearly all the above are community ditches—that is, the 
farmers under them have stock in proportion to the number 
of acres of land which they own, and the service of water 
iS gauged accordingly. A small annual assessment is made 
to provide for repairs and to hire a ditch-tender. Of course, 
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the farmers elect their own officers, who have complete 
charge. The Yakima Investment Company is the principal 
exception. It owns one of the largest canals in the United 
States, being thirty feet wide at the bottom, sixty-two feet 
at the top and over forty miles long. It covers some 50,000 
acres in what is known as the Sunnyside, on the east side of 
the lower Yakima, and takes its water from that river. The 
annual charge for water is $1.50 per acre. There are no 
reservoirs in the county, and all are gravity ditches, except 
the one owned by the Prosser Falls Irrigation Company. 
This company utilises a small part of the power of the 
falls in the Yakima, about fifty miles from its mouth, to run 
two mammoth pumps to elevate sufficient water 100 feet 
to fill its canal and to irrigate 3,000 acres. 

The long, warm summers, with the richest of soils, con- 
stant sunshine and abundant water, cause all the products 
of the temperate zone to thrive luxuriantly. This valley 
will produce everything that is raised in Southern California, 
except the lemon and orange, and possibly the fig. The 
prune, plum, peach, persimmon, pear, apricot, cherry, apple, 
and quince are grown to a size and with a flavor and keep- 
ing quality that is not excelled, if equaled, in any other 
locality. All kinds of trees are now (July rst) loaded with 
fruit, and the limited experience of the past would seem to 
indicate that the fruit crop can be relied upon. While the 
trees have to be sprayed to keep them clean of the green 
aphis, the fruit itself is not attacked by any pests. ‘The 
past success in growing it gives assurance that a large part 
of the valley will eventually be devoted to fruit. The 
quality of the variegated product should make the orchards 
quite as valuable as the orange groves of Southern Cali- 
fornia. Small fruits are equally productive, and melons 
excel in quality and quantity. Every vegetable raised any- 
where in the United States can be produced here success- 
fully. The asparagus and celery are especially fine. Pota- 
toes grow to such size and are of such superior quality, that 
they bid fair to make the Yakima Valley celebrated for this 
product alone. 

Wheat, rye, barley, corn, broom-corn and sorghum are 
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all grown, but the value of the land and the production of 
more profitable crops will always limit the acreage planted 
to them. As this is about the only locality west of the 
Rocky Mountains where corn can be brought to maturity, it 
will always bea fairly profitable crop. Alfalfa, the most 
ancient of all forage crops, thrives here to perfection. Its 
roots go down as far as water soaks, and, once started, it 
continues to yield permanently from six to eight tons to the 
acre annually. Asa forage plant it has no superior; none 
has greater fat- or milk-producing qualities, and all stock 
thrive upon it remarkably. As the surrounding hills and 
mountains are covered with bunch grass,cattle and sheep 
are fattened on the ranges ten months of the year, and 
fed alfalfa the remaining two months. Horses, also, do well 
upon it, 

The Yakima Valley probably excels any other locality in 
the world in the production of hops. The quality is very 
superior, and the yield per acre about three times that of 
the fields in New York. The hop louse or aphis troubles 
all other districts, and necessitates large expenses for fre- 
quent spraying. Here the hot sun and dry atmosphere kill 
the pest early in the season, and it does no injury. The 
average yield is about 1,700 pounds per acre, but with good 
cultivation it can be increased toaton. The large yield, 
superior quality and relative low cost of production would 
seem to insure the future of the industry. 

North Yakima, the county seat, is a beautiful town of 
about 4,600 people, centrally situated near the Yakima 
River, and with all the principal valleys radiating from it 
like the spokes of a wheel. Itis laid out with broad streets and 
avenues, which are lined with shade trees, and about thirty 
miles of streams of clear, cool water flow along by the side- 
walks. The city has good water-works, an excellent sewer- 
age system and is lighted by electricity. There are eight 
churches, two large brick school-houses, and several hotels. 
The business portion is well built up with substantial brick 
blocks, and a number of stone buildings are now being 
erected. A quarry of excellent light-colored sandstone has 
recently been opened in the vicinity, and it is probable that 
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it will be largely used in the future, both on account of 
cheapness and appearance. The Commercial Club has com- 
modious quarters and over 100 members. The professions 
are well represented, and there are four weekly newspapers. 
As showing the thickly-populated suburban districts, it can 
be stated, that there are ten school-houses within two miles 
of the city. North Yakima and the county generally are 
settled by a superior class of intelligent Americans from the 
Eastern and Middle States, who have come here to make 
comfortable, enjoyable homes. In consequence, the social 
features, schools and churches are quite equal to those in 
the older communities in New England. There are several 
small towns in the county, the principal one of which is 
Prosser, situated at the falls of that name. On account of 
its situation and manufacturing facilities, it bids fair to 
become an important place. 

The county had a population of 4,500 in 1890, and it has 
trebled in the last five years. 


NORTH YAKIMA, WASH., July, 1895. 


ENGINEERING EDUCATION anpb THE STATE 
UNIVERSITY.* 


By Wo. S. ALDRICH, University of West Virginia. 
(Member of the Society.) 


Engineering education is an education for a profession. 
As such, its first requirement is a liberal education. This 
broad trend is best given by the pursuit of those studies 
affording mental discipline while developing a love of learn- 
ing for its own sake, and capable of giving an added grace 
to the exercise of future accomplishments. The professional 
education follows in course. Its distinctively technical 
features are to be combined with practical work of an edu- 
cational value. Such will be found in selected exercises 
and activities from among those required in professional life 


* Abstract of a paper read before the Society for the Promotion of Engi- 
neering Education, and revised for publication in the /ourna/. 
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—in office, field, shop and laboratory. Engineering edu- 
cation, while in the domainof science and an art, is itself an 
art and a science. 


ENGINEERING EDUCATION IN A UNIVERSITY. 


With these and related considerations before us, it may 
be inquired whether any one or all of them find a proper 
environment in a university. Will engineering education 
thrive in a university atmosphere, or will it be frozen to 
death? University presidents and renowned engineering 
professors have so placed themselves on record in this par- 
ticular that we would fear the fate of any engineering 
training given within the walls of a university. But what 
are the facts as we know them to exist in the United States? 
Education for engineering as a profession has not only been 
recognized as entitled to, but has actually received and been 
correspondingly benefited by, a university environment, 
quite as much so as in the case of law and medicine. After 
finishing his liberal education, many believe that the student 
should continue in the university atmosphere while pursu- 
ing his technical studies. If there is any variation in the 
education itself, as well as in its product, it may be desirable 
or otherwise, according to the emphasis given academic, 
compared with technical training. Conclusions from first 
principles and known facts are important when drawn irre- 
spective of known disturbing elements. In no other kind 
of education will financial considerations enter to change so 
completely every condition, and alter so entirely every 
product as in engineering education. 


FEDERAL AND STATE AID TO HIGHER EDUCATION. 


The extent to which such aid has been given is now 
matter of history, but educational history,* that is so impor- 
tant and so vital to our subject that any presentation within 
these brief limits would not be satisfactory to all. The 
duties and responsibilities of the State in this direction 


* ‘*Contributions to American Educational History, No. 9.—The History 
of Federal and State Aid to Higher Education.’’ By F. W. Blackmar, Ph.D. 
Bureau of Education, Washington, D. C. 1890. 
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have always been recognized, but chiefly in providing for 
academic training. Aside from the Government naval and 
military academies, technical education* received the most 
promising encouragement from private benefactions till its 
national endowment by the passage of the famous Land 
Grant Bill, July 2, 1862. There were peculiar conditions 
of national life and growth of educational ideas which led 
up to the passage of this bill, avowedly for the promotion 
of scientific and industrial education, rather than what we 
have considered to be purely technical—much less, profes- 
sional—from an engineering standpoint. 


THE LAND GRANT ACT OF 1862. 


The “Colleges of Agriculture and the Mechanic Arts,” 
established pursuant to the provisions of this Act, mark the 
beginning of a new period and of a peculiarly American 
development of national aid for promoting scientific and 
industrial education. Each State received a definite “grant” 
of 30,000 acres of publiclands foreach Senator and Represen- 
tative in Congress—an apportionment probably as equitable 
as could have then been devised. Differences of population 
at the time of the “grant” and the natural inequalities of 
statecraft have shown the folly of some States and the wis- 
dom of others in disposing of their “land scrip.” The pro- 
ceeds were for “the endowment, support and maintenance 
of at least one college, where the leading object shall be— 
without excluding other scientific and classical studies, and 
including military tactics—to teach such branches of learn- 
ing as are related to agriculture and the mechanic arts, in 
such manner as the Legislatures of the States may respect- 
ively prescribe, in order to promote the liberal and practical 
education of the industrial classes in the several pursuits 
and professions of life.” 

Agricultural education languished in many States; in- 


* “Technical Education in the United States.’’ By Prof. R. H. Thurston. 
Paper presented at the Chicago meeting (July, 1893) of the American Society 
of Mechanical Engineers. No. DXLIII, vol xiv, of the 7ransactions. 

t ‘‘ History of the Agricultural College Land Grant Fund of July 2, 1862.’’ 
Ithaca, N. Y. 1890. Publication of Cornell University. 
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struction in the mechanic arts had not yet developed into a 
science, and its incorporation into such colleges was some- 
what incomplete until endowed schools led the way; mean- 
while, scientific, classical and military instruction carried 
the day. The degrees conferred were those of Bachelor of 
Arts and Bachelor of Science. It will probably be admitted 
that this bill stimulated private endowments for technical 
schools, quite as much as it directly benefited engineering 
education. When mechanic arts or shop training became 
developed along lines at all educational, about the time of 
the Centennial Exhibition, it was too late for almost all of 
these institutions. First cost and yearly maintenance con- 
fronted them on the one hand; and, on the other, the con- 
servatism of the management and faculty of these institu- 
tions, many of which were already living fully up to their 
incomes in maintaining the scientific, classical and military 
instruction required by this Act of 1862. 


THE MORRILL ACT OF 18g0. 


By this second national endowment engineering educa- 
ion is recognized and some form of its development made pos- 
sible in all of the land grant institutions. Aside from instruc- 
tion in agriculture and the English language, the remaining 
branches specified in this Act are: “the mechanic arts, 
Mie Rk and the various branches of mathematical, 
physical, natural and economic science, with special refer- 
ence to their applications in the industries of life, and to 
the facilities for such instruction.” It seemed destined to 
endow and maintain courses in the mechanic arts at least. 
Engineering laboratories appeared in view, and some por- 
tion of the annual appropriation might be allotted for main- 
tenance of instruction in this newly-required branch of 
experimental engineering. If the former Act of 1860 was 
ahead of its time in seeking to provide for instruction in 
mechanic arts, surely the latter Act of 1890 was not at all so 
anticipative of the next development of technical education 
— that of experimental engineering. 

This endowment is from the proceeds of public lands, 
which the Federal and not the State Government has the 
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disposition of. Each State receives an equal amount annu- 
ally, irrespective of population or the possibilities of State 
development. From the first installment of $15,000, made 
June 30, 1890, it is increased by $1,000 each year for ten 
years, after which it is to be maintained at $25,000 annu- 
ally. These radical differences inthe form and bestowal of 
the two national endowments are not without reason. This 
fund was for “the more complete endowment and support 
of the colleges for the benefit of agriculture and the me- 
chanic arts,” established under the provisions of the Land 
Grant Bill of 1862. There are only two ways to realize this: 
(r) by increasing the salary account ; (2) by providing addi- 
tional facilities for instruction such as apparatus, machinery, 
text and reference books, stock and material. 

The salaries of certain chairs, formerly paid out of State 
appropriations, have been found to be legitimately payable 
out of this Morrill fund, as the instruction given by the 
occupants of such chairs falls within that provided for by 
the bill. Finding that certain salaries cou/d be so drawn did 
not carry with it the least obligation that they should be so 
paid. The land grant institutions of such States do not 
receive “more complete endowment.” It is increased from 
Washington but decreased from the State Capitol to the 
extent of those salaries so paid. Itis the State Treasury 
or some other institution which thereby receives “ more 
complete endowment.” In the same year that this was done 
hundreds of thousands of dollars were appropriated by the 
Legislature of one and the same State for an insane asy- 
lum. Poundsof cure: ounces of prevention. Will not our 
States suffer from this untoward and unanticipated devel- 
opment of parasitism? In particular, will not engineering 
education lack the encouragement and development it was 
destined to receive from this Morrill Act ? 

The duty of the State, after. providing for the liberal 
education of the young engineer in its land grant institu- 
tion, is to apportion its resources and adapt its facilities for 
his technical training so as to best prepare him for the par- 
ticular professional demands that will inevitably be made 
upon him in his own State. Now, the parasitism, in refer- 
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ence to the Morrill fund, is not only most likely tooccur, but 
actually has occurred in just those State institutions in 
which some such development of old and beginning of new 
engineering courses had long been deemed the necessary 
first step towards educating their own sons to develop the 
State’s resources and share in the promotion of its industrial 
progress. 

Distinctions of race or color made by any State in the 
admission of students to its land-grant institution, will 
require that State, by the provisions of this Morrill Act, to 
make “a just and equitable division of the fund to be 
received under this act between one college for white stu- 
dents and one institution for colored students.” ‘This means 
two faculties, a double equipment and a separate establish- 
ment throughout. 

Such States need, for developing engineering educa- 
tion,all that the Morrill fund will legitimately provide. If 
they wish to establish and maintain reputable technical 
courses, to provide recognized facilities for practical work 
and experimental engineering, to justify theirsons in seek- 
ing professional training in their own State institution 
rather than elsewhere, by offering an engineering education 
that will be at all comparable to that of other State institu- 
tions, the Legislatures of these States will need to make 
additional appropriations. In some of these States this 
will be all the more difficult, by reason of the parasitism 
that has developed already from a spirit of retrenchment in 
aiding educational work. 

Engineering education is much less promoted by the 
Land Grant Bill of 1862, than by the Morrill Act of 18g0, 
for two principal reasons: (1) The classical and the military 
instruction provided for by the former are excluded by the 
latter; (2) instead of the unequal permanent endowments 
of the former there is an equal annual appropriation given 
to each State by the latter. The effect of this favorable 
difference has been felt already in several of the States. It 
has stimulated private benefactions for the promotion of 
engineering education. It came, also, at a time when 
urgently needed to assist in establishing new and rapidly 
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growing engineering courses and aid in the material equip- 
ment for the same, such as in electrical engineering. 


STATE AID TO ENGINEERING EDUCATION, 


The least the State could doin accepting the Federal 
endowments was to meet the simple requirements of the 
law, to purchase, erect and maintain suitable buildings in 
which the instruction provided for by the general Govern- 
ment could be materialized. The initial and other building 
appropriations, as well as such made for increasing the 
facilities for instruction and providing for continued effect- 
ive’ maintenance, have placed some of the original land 
grant colleges and universities in the very front rank 
among our State institutions. 

The establishment of light, heat and power plants by 
some of the States in their institutions has rendered very 
material aid to engineering education. These were formerly 
urged from business reasons alone, such as securing greater 
economy of installation, maintenance and supervision. It 
as soon became evident that it would be a great advantage 
to have all the equipment of such a plant gathered about 
the engineering shops and laboratories, increasing still 
further the economy. Not only so, but this whole equip- 
ment thereby becomes available, at any time during the 
college year, for experimental engineering work. This 
might then be conducted on a more practical and commer- 
cial scale than if simple experimental machinery had been 
alone installed for such work. The State thereby reduces 
the current and contingent expenses for light, heat and 
power; and, at the same time, provides admirable facilities 
for shop and laboratory training in electrical, steam and 
hydraulic engineering. State pridé and competition will 
enhance still further the great economic and educational 
value of such power plants ; and increased use will be found 
for light, heat and power as necessary facilities in the de- 
velopment of laboratory methods. 


AGRICULTURE AND MECHANIC ARTS. 


These have been inseparably connected in the minds of 
statesmen when planning and developing Federal aid for 
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such instruction. By the Act of 1887, however, each State 
sustaining a land grant institution receives $15,000 annually 
for the establishment and maintenance of an agricultural 
“experiment station.” When it comes to the question of 
Federal endowments for the promotion of scientific research, 
statesmen are divided. The direct aid which the “ experi- 
ment station” has rendered to scientific agriculture has 
scarcely been less than its indirect benefit to agricultural 
education. The rapid growth of experimental engineering 
within the last decade, its recognized value for the determina- 
tion of engineering data and precedents, its incorporation 
into the professional courses of almost all American tech- 
nical schools, bespeak a like consideration for engineering 
“experiment stations” or laboratories in connection with 
all land grant institutions. 


ENGINEERING “EXPERIMENT STATIONS,” OR LABORATORIES,* 


The technical equipment of such a laboratory would be 
of invaluable service in engineering instruction; and this 
in addition to that of the light, heat and power plant, which 
it is the duty of the State to establish. Engineering instru- 
ments would be standardized and tests of power plants con- 

[* Considerable progress has already been made in Germany in the estab- 
lishment of Mechanical Testing Stations, under the superintendence of a 
government board. Lugineering (London) July 19, 1895, in describing 
‘‘ The Mechanical Testing Station at Charlottenburg,’’ accounts for the popu- 
larity of the system among manufacturers and buyers on the ground that ail 
articles are tested by competent and impartial men at moderate charges, It 
is held in equally high esteem by men of science for the prosecution of elab- 
orate investigations requiring costly apparatus. ‘‘ An official testing station 
is now to be found in every larger German town, in counection with its uni- 
versity or technical school. Some towns can boast of more than one techni- 
cal college, and of more than one testing station. * * * Pamphlets are 
issued, stating the way in which specimens should be selected, handled, 
packed, etc. They also give a summary of the various tests in use, and the 
charges made for these. * * * By request, experiments are conducted on 
the special lines desired ; the certificate issued in such a case contains a noti- 
fication to this effect. * * * The same facilities are offered to firms which 
frequently consult the testing station. * * * Since 1889, the supervising 
board of the Prussian testing stations bas published ‘ Mittheilungen’ on the 
work done and the experience gained. These journals contain valuable 
information, and the apparatus originated in these laboratories can be freely 
copied.’’—-Eps. ] 
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ducted by disinterested parties. Engineering practice 
throughout the State would be reciprocally benefited; 
State laws relating to boiler explosions and engineers’ 
licenses subject to careful supervision; and the duty of the 
State in protecting life and property from engineering acci- 
dents, casualties and negligence receive attention commen- 
surate with that now given, by the agricultural “experiment 
station,” to healthful foods, farm and dairy sanitation, and 
stock-raising. The State’s resources of materials for build- 
ing and other constructive work, as well as fuels—the pre- 
vention of their waste and the utilisation of by-products— 
would receive careful investigation. 

Such a State engineering laboratory should be allowed 
the same immunities and granted the same privileges and 
opportunities as the agricultural “experiment station” now 
enjoys, in properly charging for tests, researches, trials, 
analyses and other scientific investigations. But beside 
this it should receive State aid for the publication and 
interchange of bulletins, quarterly or oftener; and this 
would add as much to the value and permanency of its year’s 
work in engineering as is now done for the agricultural 
interests. The accumulation, classification and preservation 
of engineering literature; records of tests, researches and 
other investigations; and data for engineering practice and 
precedent, all would receive an amount of attention that it 
is almost impossible for individuals, corporations or manu- 
facturing establishments to give. What has been accom- 
plished already, by private munificence, in many of the 
above lines of engineering, in the shops and laboratories of 
a few of our leading technical schools, should be repeated, 
extended and made possible by Federal and State aid in 
every State college and university. 


STATE AND ENDOWED INSTITUTIONS. 


There are three classes of institutions in which engineer- 
ing education receives more or less consideration : 

(1) Those dependent entirely upon State and Federal aid. 

(2) Those receiving private endowments in addition to 
Federal and State aid. 
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(3) Those dependent entirely upon private endowments. 

For any particular branch of engineering in any one of 
these institutions the technical studies of the class-room 
will be found much the same, while the academic require- 
ments differ widely. The kind and amount of practical 
work in office, field, shop and laboratory will vary according 
to the nature and extent of the endowment. 

State institutions are created and maintained by the 
people. They exist for the greatest good to the greatest 
number of students. Candidates who are unable to enter 
the Freshman class cannot be turned away. In some of 
them, preparatory courses must be provided for those who 
have not had the high-school training of the cities. With 
few exceptions, tuition is free in all departments to all 
State students. All who pass the entrance examination 
must be received, whether faculty and facilities are com- 
mensurate or not. If both are alike insufficient, there is 
no better argument with which to go before the State 
Legislature for additional appropriations. However tech- 
nical the instruction may be, it is necessary to bear always 
in mind the particular needs of the State in whose institu- 
tion it is given; its natural resources, the traditions and 
customs of the people, their present and prospective indus- 
trial life, all, in fact, which make it necessary to shape 
engineering education so that it may best fulfil its mission 
in its own State rather than another. 

Many State students enter for one or two years only; 
very few for a definite four-years’ course. This entails a 
responsibility; but it is likewise an opportunity. More 
elementary technology in the first two years would open 
the young man’s eyes, arousing an ambition to remain, or, 
perchance, to return after an absence occasioned by finan- 
cial stress; and, during this period it would help the student 
better to earn a living. More practical work before leaving 
would relieve him of its equivalent after returning. Thus, 
to leave his educational work for a year or two is not the 
worst thing that can happen to the young engineering stu- 
dent. Many of them will be State cadets, receiving mili- 
tary instruction and training. This makes possible an 
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organization and development of practical work in engineer- 
ing, along such lines as have been worked out at the naval 
and military academies, in detailing students for the con- 
duct of engineering work, in office, field, shop or labora- 
tory. 

Endowed institutions are mainly supported by incomes 
from their first endowments and by tuition fees. They 
exist for the greatest good that they are able according to 
their several abilities to give to those who can pay for it. 
A high standard of admission may be set and maintained. 
If in good financial and professional standing they will take 
only that number of students best adapted to the faculty 
and facilities for instruction. All students enter for the 
regular four-years’ course, practically by competitive exam- 
ination. The technical instruction may be carried to any 
ideal standard. No respects have to be paid to any one 
community or class of interests, ensuring a purely profes- 
sional course, with the corresponding degree. 

STATE COLLEGES AND UNIVERSITIES. 

State colleges of agriculture and the mechanic arts 
appear capable of a higher development, along certain lines, 
than the State university. In the former the funds are not 
apportioned among so many different departments as in the 
latter, whose aim is too often so to multiply courses as to be 
worthy at least of the name of a university. Each institu- 
tion has peculiar advantages and disadvantages from the 
standpoint of engineering education. The State college is 
distinctively a school of science. Its courses are arranged, 
its equipment selected and its faculty appointed with this 
one object in view. In this respect it approaches the posi- 
tion of the endowed school of science. To add an engineer- 
ing course in such is to introduce its purely technical 
features. 

In both institutions, old academic courses are abridged 
to make room for the new engineering studies. The effort 
is made so to combine the essential requirements of a 
liberal education with sufficient technical training as to 
warrant conferring the degree of Bachelor of Science in 
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Engineering—a combination peculiarly significant of the 
development of engineering education in our land grant 
institutions. As State colleges and universities receive 
endowments equally from the Morrill fund, it would appear 
that, other things being equal, the college student might in 
time have larger equipment and more specializing facilities 
to work with. Such material advantages, however, may be 
more than offset by his lacking the liberalizing tendencies 
of the university environment. 


FACULTY ORGANIZATION FOR ENGINEERING EDUCATION. 

The introduction of engineering education into a State 
college or university—whether prompted by the ambition of 
the institution or demanded by the people—will require an 
organization, pursuant to the Morrill Act, which will be 
effected by an infusion of new ideas, new methods, new men 
and new appliances. It cannot be otherwise and succeed. 
In the evolution of engineering education in the State 
university, three distinct stages of organization of the teach- 
ing staff may be recognized: 

(1) Engineering teachers are members of one common 
faculty under one president. 

(2) They are organized as an engineering faculty, similar 
to the law and medical faculties which usually exist at this 
period of development. 

(3) The organization of the engineering college within 
the university, with its dean or director, whose duties are 
related to this* college as those of president to the uni- 
versity. 

The faculties of State institutions are much less stable 
than in endowed schools. Aside from political causes, the 
reasons are obvious. There are engineering ethics and 
equities in teaching as well as in the practice of the profes- 
sion. Marked changes are taking place in the development 
of all educational work. For the governing board to direct 
the president to distribute the studies among the several 
professors is to develop such an institution on the plan of 
the country school, where any man may be expected to teach 
anything at any time. The most efficient professional 
Vor. CXL. No. 838. 18 
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teaching can be done and the most highly developed pro 
duct obtained by specialization of supervision and thorough 
departmental organization, of which that of the engineering 
faculty is the first step in the right direction. The engi- 
neering college is a plan of organization falling into line 
with a form of university management which has been re- 
markably successful in other branches in European univer- 
sities. In our State universities, engineering education 
admits of such an ultimate ideal organization, in which a 
few have already taken the lead. 

ENGINEERING EDUCATION IN A NATIONAL UNIVERSITY. 

The national endowments of 1862 and 1890 may alone be 
sufficient to enable several State institutions to get a start 
in at least one branch of engineering education. It may 
be regretted that this is the only source of income for such 
education in many of them; still, it has been shown that 
very substantial aid may be rendered by the State in fur- 
nishing buildings and in the establishment of a light, heat 
and power plant for its institution. On the other hand, if 
these Federal endowments are diverted into other channels, 
serving to maintain several courses in a university instead 
of a few in a college, or for an unusual development of 
agricultural education, or to pay salaries formerly paid out 
of State appropriations, or to sustain an institution of like 
grade for colored students, then the State appropriations for 
engineering education will require to be proportionately 
increased. 

A new national endowment for engineering “experiment 
stations” or laboratories, to be established in all land-grant 
institutions, after the manner of the agricultural “ experi- 
ment stations” (provided for by the Act of 1887), would 
supply the greatest need of all such institutions, namely, 
facilities forexperimental engineering; and this, in addition 
to the other reason which has called such “experiment sta- 
tions” into existence: the value of Federal aid for the pro- 
motion of independent scientific research. 

The federation of all State colleges and universities into 
a national university, with its educational centre at Wash- 
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ington, would place such an institution in the very midst 
of the most favorable environment for the prosecution of 
that kind of advanced educational work for which it came 
into existence. 

A select committee approved unanimously and recom. 
mended for passage (March 3, 1893) the Senate Bill 3,824, 
reporting as follows: 

“Such an institution only could in any proper sense com- 
plete the now incomplete system of American education 
and most wisely direct all worthy efforts in the field of 
original research, and utilize the facilities for it so rapidly 
accumulating at Washington. 

“It provides for the establishment of a university of the 
highest type, resting upon the State universities and other 
institutions of collegiate rank as they rest upon the high 
schools and academies—a university whose facilities shall 
be open to all who are competent to use them, but whose 
degrees shall be conferred upon such only as have already 
received a degree from some institution recognized by the 


university authorities; . . . and, whose several heads 
of departments are to have advisory and codperative rela- 
tions with the heads of Government bureaus for the mutual 


advantage of the Government itself and the cause of uni- 
versal science.” 


AN ACCOUNT oF THE GARDINER LYCEUM, THE 
FIRST TRADE SCHOOL ESTABLISHED In 
THE UNITED STATES. 


By JOHN H. CoopER. 


During a winter’s sojourn in Gardiner, Me., the writer's 
curiosity was excited over certain printed and written 
records, which were placed in his hands by Mr. Geo. M. 
Holmes. 

These records give authentic evidence of an early estab- 
lishment in that town of a trade school, which was con- 
tinued successfully for a number of years. The subject of 
enabling mechanics and farmers to become skilful in their 
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respective pursuits had occupied the thoughts of the pro- 
moters of this new scheme for years prior to a legislative 
act passed in the year 1821, which paved the way to a pub. 
lic declaration of their intentions, the erection of a stone 
edifice, and the organization of a school in the year 1822. 

These facts place the Gardiner Lyceum first in order of 
time among trade schools established in the United States. 

The originators of this school state that they knew of no 
organization in existence like the one they had in mind, 
from which to copy, and therefore they would be compelled 
to proceed altogether upon original lines. 


The Gardiner Lyceum Building. Erected 1822—Burned 1870. 


Ancient records teem with statements of results, but they 
do not always tell us how they were obtained. 

From a study of these we are led to the conclusion that 
the arts and instruction in them very naturally began with 
the invention of devices and appliances for the collection 
and preparation of materials for food and clothing, followed 
closely by means of shelter from the elements and protec- 
tion from enemies—insect, beast and man—all of which 
demanded scheming and skill of hand. “Solely intent (says 
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Rollin) upon the necessities of life, the first inhabitants 
of the earth did what new colonies are obliged to do.” 

We have good authority, but have not the space herein 
at command, for making and commenting upon quotations 
derived from ancient history, since Bacon says: “The 
earliest antiquity lies buried in silence and oblivion except- 
ing the remains we have of if in sacred writ.” 

The writers of these initial chapters have not sounded a 
single note of preparation for technical work ; they come at 
once, like a creation, to the statement of accomplished 
facts, leaving our common, enlightened intelligence to draw 
the inference from our own experience, which may be ex- 
pressed in few words: “They that do shall know.” 

The history of the human race also abundantly proves 
the necessity of using head and hands, which are endowed 
with wonderful and infinite possibilities. 

Man was not made for thinking alone; the necessities of 
existence are ever demanding that hand-work shall co-oper- 
ate with head-work. 

If any one wishes to make something, or to learn an art, 
there is no question that the best way to do it is for himself, 
to do all the thinking and working necessary to a complete 
understanding and finishing of it. Bacon has wisely said: 
‘We must familiarize ourselves with things themselves.” 

Beginning to live, even in our age, we must start with 
work upon the soil and in house-building, with introduction 
to the cognate branches of wood- and metal-working, and 
so the Gardiner Lyceum, recognizing the necessity of better 
domestic comforts and of advanced knowledge, starts at 
once the formation of classes in practical farming and car- 
pentry, with promise of expansion into the larger fields of 
agriculture and architecture, as way may open, and which 
may be best adapted to the growing needs of their State. 

Without further comment, we may now permit the pro- 
jectors of this first trade school to speak for themselves. 
Their words have a clear ring, they are single and forcible 
to the subject, and are full of desire to be broadly useful. 

They reached and adopted methods of instruction not 
even yet surpassed, as they ordained the establishment of a 
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museum of best working models, economical and practical 
ways of domestic management, the completion of knowl- 
edge by co-operative experimental processes, and moral 
control by individual responsibility. 

Their inaugurals might be read with advantage at the 
opening of every technical course of instruction in our 
schools of to-day. : 

They have sounded the one leading permeating note, 
present in all our teaching of the science of business and 
life—the necessity of acquiring expertness of hand with 
brightness and breadth of intellect. 

‘ These early outcroppings of desire—sturdy of growth 
and full of promise—deserve more than a passing notice, 
forming, as they do, the safe and solid basis upon which 
the superstructure of trade, business and the activities of 
life depend. 

If biblical writers thought well enough of trades and 
tradesmen—“ the honorable of the earth”—to salute them 
with distinctive name and signal notice in their sacred 
treasury of the Divine word, approved and certain shall we 
_be in transmitting the substance and record of their deeds 
to the train-teaching of new minds. Wise, indeed, are we, 
if in our day we plant the seed in good soil and nurture 
it to a ten-fold and a hundred-fold increase, 
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PETITION TO THE LEGISLATURE OF THE STATE OF MAINE, 
FOR THE INCORPORATION OF THE GARDINER LYCEUM. 
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To the Honorable the Senate, and the Honorable the House of Representatives, 
of the State of Maine, in Legislature assembled: 

The petition of the subscribers respectfully represents that a donation has 
been offered of land lying on Kennebec River, in the town of Gardiner, esti- 
mated at $4,000, for the purpose of establishing within said town a school 
for teaching mathematics, mechanics, navigation, and those branches of 
natural philosophy and chemistry which are calculated to make scientific 
farmers and skilful mechanics. And whereas, it is an object of very great 
importance to any State, but especially one possessing fine rivers and a fertile 
soil, numerous mill seats and a coast indented with many and capacious 
harbors, to a State rapidly increasing in commerce, agriculture and manufac- 
tures, that its artisans should possess an education adapted to make them 
skilful and able to improve the advantages which nature has so lavishly 
bestowed upon them: And whereas, the State of Maine is in possession of 
those numerous privileges, yet while she has liberally fostered her colleges 
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for educating young men for the learned professions, and possesses numerous 
academies for preparing youth to enter those colleges, and for making useful 
schoolmasters, she has hitherto omitted to make provision for giving instruc- 
tion to her seamen, her mechanics and her farmers, upon whom the wealth 
and prosperity of the State mainly depend. The recent improvements in 
chemistry, which give the knowledge of the nature of fertile and barren soils, 
aud the best mode of improving them, render the importance of a scientific 
education to her farmers much greater than at any other period. Your 
memorialists would further represent that they consider the situation selected 
for this school extremely advantageous, from its central position in a popu- 
lous neighborhood, in a fertile country, where provisions are abundant and 
cheap, where commerce is continually extending, and in a town possessing 
uncommonly fine mill seats and rapidly increasing in population. They 
would further represent that, in addition to the donation above referred to, a 
sufficient sum has been subscribed for erecting a convenient building for the 
above school ; but as a considerable sum will be required for the purchase of 
instruments necessary for such a school, and as the fees of instruction (in 
order to make the schdol generally useful) must be much too low without the 
income of some permanent fund to give a comfortable support to a person 
adequate to the task of instruction, they must rely upon the patronage of 
the State for the power of carrying this plan into effect, notwithstanding the 
efforts which have already been made. 

They therefore pray your honorable bodies to incorporate a school for the 
above purpose, with a body of seven trustees, with the usual powers and 
privileges, to be called the Gardiner Lyceum, and to grant such aid as will 
enable the trustees to bring the school into immediate usefulness. 

R. H. GARDINER, EDWARD SWAN, 
PETER GRANT, JOHN STONE, 

SIMON BRADSTREET, FREDERICK ALLEN, 
RICHARD Clay, SANFORD KINGSBERY. 


ACT OF INCORPORATION, PASSED BY THE LEGISLATURE OF THE STATE OF 
MAINK, JANUARY 30, 1822. 


CHAPTER CVIII. 
AN ACT TO INCORPORATE THE TRUSTEES OF THE GARDINER LYCEUM. 


SECTION I. Be it enacted by the Senate and House of Representatives, in 
Legislature assembled, 

That an institution, designed to prepare youth, by a scientific education, 
to become skilful farmers and mechanics, be established:in the town of Gar- 
diner, to be called the Gardiner Lyceum ; and that Robert Hallowell Gardi- 
ner, Peter Grant, Sanford Kingsbery, Frederick Allen, John Stone and Edward 
Swan, Esquires, be and they are hereby incorporated into a body politic, by 
the name of the Trustees of the Gardiner Lyceum ; and that they and their 
successors shall be and continue a body politic and incorporate by the same 
name forever, with all the privileges, and subject to all the liabilities of other 
similar corporations ; and that the number of said trustees shall never be less 
than five, or more than nine, four of whom shall constitute a quorum for the 
transaction of business. 
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Skc. 2. Be it further enacted, That the said trustees shall have power. 
from time to time, to elect such officers of said corporation as they shall judge 
necessary or expedient; and shall fix the tenures of their offices ; to remove 
any trustee who may neglect to fulfil the duties of his office ; to determine 
the method of electing said trustees ; to fill all sacancies which may arise in 
said corporation; to determine the manner of notifying their meetings, the 
time and place where they shall be held ; to prescribe the powers and duties 
of all officers and instructors of said Lyceum, and the course of studies which 
shall be therein pursued, and the qualifications necessary for admission 
thereto; /rovided, that suitable instruction shall always be afforded to those 
classes of persons for whose peculiar benefit this institution is designed. And 
said trustees shall have further power to make and ordain any rules and by- 
laws, with reasonable penalties, for the good government of said Lyceum ; 
Provided, that they are not repugnant to the laws of this State. 

SEc. 3. Be it further enacted, That the lands, moneys, or other property, 
which have been already given, offered or subscribed, or which shall be here- 
after given, granted, devised, bequeathed, trausferred, or assigned to the said 
trustees, for the purposes aforesaid, or either of them, shall be confirmed to 
the said trustees and their successors in trust forever; and the said trustees 
may have and hold, in fee simple, by gift, grant, devise, bequest or otherwise, 
any land, tenements and hereditaments, and other estate, real or personal ; 
Provided, that the clear yearly income thereof shall not exceed the sum of 
six thousand dollars; and may sell and dispose of the same, and apply the 
rents, issues and profits thereof in such manner as said trustees shall deem 
most advisable to promote the design and prosperity of said institution. 

SrEc. 4. Be it further enacted, That said trustees may have a common seal, 
and that all deeds sealed therewith, signed, delivered and acknowledged by 
the secretary of said Lyceum, by order of the trustees, shall be good and 
valid ; and said trustees may sue and be sued, in all actions, real, personal or 
mixed; and may prosecute and defend the same to final judgment and execu- 
tion by their said name of incorporation. 

Sec. 5. Be it further enacted, That the Legislature of this State (of Maine, 
G. M. 26) shall have the right to grant any further powers to the said trus- 
tees, and to alter, limit or restrain any of the powers vested in them, as shall 
be judged necessary to promote the best interest of said institution. 

Sec. 6. Be it further enacted, That Robert Hallowell Gardiner be and he 
is hereby authorized to call the first meeting of said trustees, by giving notice 
of the time and place of said meeting in some public newspaper, printed in 
the county of Kennebec. 


Board of Visitors, appointed under Act of February 6, 1823: 

The Governor, Albion K. Paris; the President of the Senate, the Speaker of 
the House of Representatives, and the following gentlemen, appointed by the 
Governor: Rev. William Allen, D.D., Brunswick; Rev. Jeremiah Chapem, D.D. 
Waterville; Hon. Daniel Cony, Augusta; Hon. Benjamin Vaughan, Hallowell; 
Hon. Ebenezer T. Warner, Hallowell; Hon. Enoch Lincoln, Paris; Thos. G. 
Thornton, Esq., Saco; Parker Cleavland, Esq., Brunswick; William Ladd, 
Esq., Minot; Josiah Hook, Jr., Esq, Castine; Nathaniel Gelman, Esq., 
Waterville. 


wer 
udge 
nove 
mine 
se in 
; the 
uties 
hich 
sion 
hose 
And 


_ by- 


erty, 
1ere- 
said 
d to 
stees 
wise, 
nal ; 
n of 
r the 
eem 


seal, 
1 by 

and 
al or 
ecu- 


1ine, 
trus- 
shall 


d he 
otice 
d in 


Oct., 1895. ] Gardiner Lyceum. 281 


AN ADDRESS TO THE PUBLIC FROM THE TRUSTEES OF THE GARDINER 
LYCEUM, BY R. H. GARDINER. 


‘It will doubtless be remembered by the citizens of this State, that at the 
last session of the Legislature an institution was incorporated by the name of 
the Gardiner Lyceum, the object of which was stated to be: ‘To give to me- 
chanics and farmers such a scientific education as would enable them to 
become skilful in their professions.’ The trustees, having begun an edifice 
of stone for the use of the Lyceum, and having made arrangements for the 
commencement of instruction the ensuing winter, think proper to give to 
the public a more detailed account of the origin of the institution, and of the 
plan upon which they mean to proceed. The small number of mechanics 
acquainted with those principles of natural philosophy, upon which the suc- 
cessful operation of their arts depends, has been long a subject of regret. 

‘‘ To supply this deficiency was the object of the projectors of the Lyceum, 
and although there was no existing institution to which they could refer as 
a prototype, yet they felt a confidence that their views were so practical, and 
so obviously useful, and so easily carried into effect, that they must meet 
with the approbation of the public. Nor have they hitherto been disap- 
pointed. Having obtained what aid they could from the neighborhood 
where the institution was to be located, they stated their views to the Legisla- 
ture, and the great benefits which they expected to be derived from the estab- 
lishment of the Lyceum ; but at the same time the inadequacy of their own 
means to carry it into effect without pecuniary aid from the State. 

“An act of incorporation was readily granted ; and the trustees, after 
mature deliberation, determined to do everything upon their part to carry the 
institution into effect, with confidence that the Legislature, having approved 
their object and encouraged them to proceed, would not suffer their exertions 
to be lost, or the public to be deprived of the benefits of so important an 
institution for want of its fostering aid. Their plan has likewise received the 
approbation of many gentlemen of intelligence, some of whom have been 
engaged in the higher departments of instruction themselves, and others of 
whom have visited the most celebrated places for education in different parts 
of Europe. They have all thought the institution much wanted, and that, if 
properly conducted, it could not fail of being highly useful, and of being the 
means of similar institutions arising in other parts of the country. 

‘The practical utility of science cannot be doubted in an age where its 
investigations have produced such astonishing improvements as in the 
present. There is scarcely an art which has not directly or indirectly received 
from it important services, for science must necessarily be the foundation of 
every art. 

‘Not that the arts originate in the speculations of the philosopher, or 
cannot be practiced without an acquaintance with science. On the contrary, 
they frequently owe their beginnings to accident, and the knowledge of the 
art is but the knowledge of a few insulated facts. 

‘‘ These facts, observed by the man of science, led him to an investigation 
of their nature and the laws according to which they are produced. He dis- 
covers what is necessary and what is accidental in the process, and thus infers 
an easier and cheaper mode of arriving at the same result. * * * 
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“All the sciences which come under the name of natural philosophy are 
useful. A knowledge of mechanics, which teaches the laws of motion, the gen- 
eral principles upon which all machinery is constructed and operates, and the 
nature and laws of the various moving forces, is almost indispensably neces- 
sary to the practical mechanic who is charged with the care of the construc- 
tion of machinery. In the construction, it will enable him to accomplish his 
business with more ease and certainty. The formation of the teeth of wheels 
and pinions, ¢. g., so that machines shall neither be retarded by unnecessary 
friction, nor rendered irregular in their motions, which is difficult to an 
uneducated mechanic, is made perfectly simple and easy by science. The 
value of scieuce is particularly felt by the mechanic when anything is to be 
accomplished out of the common course of his business. Instead of wasting 
his labors in guessing and trying ill-conceived experiments, the scientific 
mechanic knows at once where to direct his efforts, and can predict with 
some degree of certainty the result before the experiment is made. 

‘* All machines are capable of modification and improvement, and it is not 
so much by the invention of new machires as by the modification of old 
ougs that ingeaious mechanics have rendered so much service to the public. 
* * * ‘But a mechanic must be extensively acquainted with machinery, 
anil the principles upon which it is constructed, before he is able, by slight 
alterations, to apply machines to new purposes, or so to simplify their con- 
struction as to bring into general use those that were otherwise too expensive. 

‘* With a view to furnish to farmers and mechanics the education here repre- 
sented as so useful, the Gardiner Lyceum has been established, and the 
course of study will be arranged with a particular reference to the wants of 
those classes for whose particular benefit it is designed. As soon as suitable 
apparatus can be procured, lectures will be given upon the sciences there 
taught, and the application of those sciences to the arts will be illustrated 
as fully as the nature of the lectures will admit. As fast as the funds of the 
institution will allow, models will be procured of the best machines employed 
in the useful arts. Specimens will likewise be collected of the natural pro- 
ductions of the country, as opportunity offers, aud they will be deposited in 
a cabinet in the Lyceum. 

** Candidates for admission to the Lyceum will be required to produce certifi- 
cates of good moral character, and will be examined in the four fundamental 
operations of arithmetic. * * * 

‘‘No student will be required to attend to all the branches of instruction 
for the second year, but only those which are best adapted to his future 
wants. He will likewise be instructed in the practical application of the 
knowledge thus acquired to the particular art which he is to practice. 

‘*Two years will complete what is deemed an essential course, but instruc- 
tion will be afforded to those who wish to continue their studies another 
year, 

“The price of tuition will be $8 aterm. Four students of good talents, 
but needy, will be admitted without charge. Boarding and lodging can be 
obtained near the Lyceum at $1.50 per week. 

“‘ The trustees consider the location of the Lyceum in the town of Gardi- 
ner as peculiarly fortunate, from its central position, on a navigable river, in 
a populous neighborhood and fertile country, where commerce is coutinually 
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extending, and in a town possessing uncommonly fine mill privileges, and 
which already offers to the student in mechanics the exhibition of a greater 
variety of machinery moved by water than can be found in any other town in 
the State. In the first organization of an institution, so novel in its nature, 
it seemed necessary that the trustees should be selected from its immediate 
neighborhood, for the convenience of frequent meetings ; but this necessity 
will no longer exist when the institution is fairly in operation; and for the pur- 
pose of obtaining the views of different classes of citizens, respecting the 
management of an institution of such general utility, the trustees have 
determined to petition the Legislature at their next session to enlarge the 
Board of Trustees, and to form a Board of Visitors, composed of gentlemen 
of respectability, but residing principally at a distance, before whom the pro- 
ceedings of the trustees may be brought at stated periods, and confirmed, 
modified or annulled as they may deem proper. 

‘ The trustees inform the public that the institution will go into operation 
early in January, under the auspices of the Rev. Benjamin Hale, recently a 
tutor in Bowdoin College. 

‘The trustees conclude their address with expressing their confidence 
that, as they are engaged in an object calculated to meet the wants of a State 
which possesses all the requisites for becoming great, and distinguished in 
agricuiture, manufactures and commerce, they shall not want for the sup- 
port and encouragement of the public. They are engaged in no private 
enterprise. They expect to profit no particular class of men, but to aid 
those who form the bone and sinew and muscle of the body politic. They 
aim at the public gool and they hope for the public patronage. * * * 


‘ Agriculture.—The trustees have been always desirous of having a farm 
connected with the institution, upon which the students, whilst enjoying 
salutary exercise, might practically acquire such a knowledge of agriculture 
as would be of use to them through life, and at the same time enable them, 
in an honorable way, to discharge, by their own exertions, part of the expenses 
of their board. * * * A donation of a small but valuable piece of land 
has receutly been made to the institution near the Lyceum, well adapted to 
agricultural experiments. * * * As, however, it must be a year or more 
before the land designed for the farm can be brought into a state fit for agri- 
cultural experiments, the trustees wish to mature their plan fully, and have 
it approved by the Visitors, before they lay it before the public. They now 
give hints of their design, which will be modified as found expedient. The 
principal objects which the trustees have in view, in establishing the profes- 
sorship in connection with a practical farm, are: (1) To give to the future 
agriculturist the knowledge of those principles of science upon which his 
future success depends, and to let him see them reduced to practice. (2) To 
furnish a beneficial employment as recreation. (3) To diminish the expenses 
of board ; and, (4) To try a series of agricultural experiments adapted to the 
soil and climate of Maine. These experiments will be tried by the students, 
under the direction of the professor, and will be conducted with as much 
care and accuracy as the nature of the case will admit. 

‘The labor ou the farm will be altogether voluntary. No student will be 
obliged to work unless he chooses, but it is presumed that even those who do 
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not intend to become farmers will find the labor on the farm a pleasant occu 
pation, independent of every other consideration, and, in a moral point o/ 
view, the substitution of a pleasing occupation connected with the highest 
utility for the idle sports of theirage, cannot but have an important influence 
on their future character in life. 

‘The trustees hope to be able to provide some suitable employment for 
those young men who may attend the institution with a view of becoming 
mechanics, by which they may be enabled to discharge their expenses. 

“Another object of the trustees is to collect the best models of useful 
tools and machines. A room will be appropriated to these models, where 
they will be properly arranged and open to the inspection of the public. 

“In conclusion, the trustees will only add that, as public good was the 
sole motive for establishing the Lyceum, so it is the governing principle in 
all its measures. The whole plan has been arranged with a single reference 
‘to the wants of the public, and encouraged as the trustees have been by the 
patronage they have already received, by the full approbation of gentlemen 
distinguished not only for science but for practical views, and by the interest 
which is kindling through our widely extended country in the improvement 
of agriculture, manufactures and the arts, they cannot but hope that the first 
school, which has been established for the express benefit of the farmer and 
the mechanic, will not be permitted by an enlightened public to languish 
for encouragement and support. ““R. H. GARDINER, per order.”’ 


“Gardiner, November, 1823."’ 


‘‘ Continued Progress.—Since the last address of the trustees was pre- 
sented to the public, several important measures have been adopted. * * 

““(1) With a view to accommodate those whose business during the sum- 
mer precludes the possibility of their joining the regular classesin the Lyceum, 
the trustees have established winter classes, in which they can be taught 
those branches of science which may be serviceable to them in their respec- 
tive employments. 

‘*The winter classes already established are in surveying, in navigation, 
in carpentry and civil architecture, chemistry. 

**(2) Relates to expenses, with suggestions towards reducing them. 

**(3) One of the most important subjects which engage the attention of 
those who have the care of a literary institution is that of its discipline. 
The common methods, from some cause or other, are in a great degree 
ineffectual, and the fact that they are so, under the best instructors, leads us 
to suppose that something wrong exists in the very .principle upon which 
they are founded. 

“The method which the trustees have adopted admits the rights of 
students, and proceeds upon the ground that they have reason and a sense 
of propriety and of morality, which may properly be brought into use in their 
government. These principles are always adopted in some degree by judi- 
cious instructors, whatever their method. They are made the very founda- 
tion of our system. This system is new, and is to be considered as an experi- 
ment tried upon the responsibility of the trustees. 

“* * * In schools in which the government is wholly in the hands of 
the officers, and the students have no part but to obey, they are often sub- 
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jected to regulations of which they are not taught the propriety, or which 
they consider as unreasonable, and the result is, they look upon their instruc- 
tors as tyrants, whose laws it is heroism to disobey. Nor is this the worst 
consequence. The infraction of such laws must be punished, in order to 
support the authority by which they were made, and will frequently be pun- 
ished with as much rigor as violationsof moral precepts or religious duties, 
ind these two kinds of offences, unlike as they are in their nature, will be 
classed together. 

‘It will be difficult to remedy these evils, where the instructors and students 
are supposed to have different interests, and are acting in opposition to each 
other. But we believe there are principles in our nature, which, if properly 
cherished and rightly directed, will lead young persons to use their exertions 
in favor of good order and good morals. * * * Their sense to honor is 
too often converted into a principle of obstinacy in their opposition to au- 
thority; but it might be so directed as to give firmness to conduct truly hon- 
orable. # - sali 

‘The system of discipline, adopted by the trustees, places a large share of 
the government of the institution in the hands of the students. It is repub- 
lican in its spirit. A general committee is elected twice each term by the 
students, in which one of the instructors usually presides, and by which all 
the laws are enacted. The Principal has a negative upon these laws. They 
are carried into execution by officers chosen by the students. 

‘The trustees are inclined to expe:t much from this system. The stu- 
dents possess a knowledge of each other’s character, which instructors cannot 
always obtain, but which is very necessary for foraiing just decisions. * * * 
The laws, being made by the students, will be thoroughly understood, and 
the consciousness that they are governed by regulations of their own will pre- 
vent all fear of oppression. The confidence which this system reposes in the 
student has the effect of elevating his character. The exercise which he has 
in self government is favorable to a proper self-government in future life, 
and the part which he acts in this small community evidently prepares him 
to discharge his duty as a citizen of a free republic. 

‘‘ The saying of Agesilaus, that ‘youth should learn that which will be of 
inost use to them when they become men,’ must approve itself to every under- 
standing. * * * We hope that the time is not far distant when it shall be 
as common for farmers and artisans to prepare themselves for their business 
by a suitable and thorough education as for lawyers and physicians. 

‘Such an education would not only lay a foundation for their success, but 
raise the character of their employments from mere mechanical labor to 
scientific pursuits, and give them credit which their usefulness merits. 


‘*BENJAMIN HALE.”’ 
“Gardiner, October, 1824.”’ 


“The trustees also give notice that, by arrangements recently adopted, the 
opportunities for improvement at the Lyceum are increased, and the advant- 
iges extended. Scholars may be admitted at the age of twelve years, and 
will be required to pursue their studies in a schoolroom, under the personal 
lirection of one of the instructors, until qualified to advance into the higher 
Classes. 
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‘“* Means are also provided by which such students as chose may devote « 
portion of the time to earn their own support. It is not, therefore, neces 
sary that a young man should be urged forward faster than his abilities and 
means will justify. 

“A workshop is furnished, where employment will be given to young men 
desirous of supporting themselves, by which they will be enabled to do so in 
whole or in part. In the summer a number will be received who will have 
the opportunity of defraying the expenses of board by labor on the farm. 


TUITION FEES. 


‘Classes in agriculture and in civil architecture and carpentry for the 
whole term, including fees for lectures, $12.00. 

‘Class in chemistry, including fees for lectures, $10.00. 

‘‘Third class, $5.00 per term. 

‘* First and second classes, $8.00 per term. 

‘Tuition will be furnished gratis to any meritorious young men unable 
to pay. 

“Gardiner, November 8, 1827." 


A letter by Mr. E. Holmes to Mr. P. C. Holmes, dated October 30, 1827, 
says: ‘‘ We are making some arrangements to enable you of the ‘chip’ 
fraternity to pay for board and tuition by work. If you will come down, I 
shall want you to take charge of the shop and regulate the whole concern, 
while handling the tools. If you come, or if you don’t come, I want you to 
look into that lathe which turns lasts, gunstocks and bureaus. * * * 

‘*T have thought it would be an excellent thing in an establishment to 
turn spokes to wheels, studs to sleigh bottoms, etc., much more expeditiously 
than in the old way of shaving them out.’’ 


‘GARDINER, January 2, 1828. 
“The trustees of the Lyceum voted to give you the charge of the carpen- 
ter class while in the shop. The term commences to-day.”’ 


[Note.—This was addressed to Mr. Philip C. Holmes, the founder of the 
machine shop and gear works now conducted by his sons and others, in Gar- 
diner, Me. ] 

** GARDINER LYCEUM, 
“WINTER CLASSES, 1827-28. 

‘*Classes in carpentry and civil architecture and in agriculture will be 
admitted November 22d, and a class.in chemistry, January 2d, next, each to 
continue until the third Wednesday in April, 1828. * * * Such of the classes 
in agriculture and chemistry as desire it will have the privilege of attending 
with the professor in the laboratory during the preparation of the lectures.”’ 


We have not been able to learn definitely how long this 
school maintained an existence. The only reliable informa- 
tion bearing thereon is that conveyed in a private letter 
from Mr, Geo. M. Holmes, of the P. C. Holmes Company, 
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Gardiner, Me., to the author, from which the following 
extract is printed, viz.: 


‘The school seems to have been quite successful in its objects, so far as 
I can learn, during its existence. But it was evidently too far ‘‘ ahead of the 
times,’’ and so languished and finally was closed for lack of sufficient support 
and patronage. As nearly as I can ascertain, this occurred about the year 
1832.”’ 


ELECTRO-METALLURGY as APPLIED To SILVER 
REFINING anp INCIDENTALLY To 
OTHER METALS.* 


By GEORGE FAUNCE, B.A\S., 
Superintendent Pennsylvania Lead Company. 


The lecturer was introduced by the Secretary of the 
Institute, and spoke as follows: 


MEMBERS OF THE INSTITUTE, LADIES AND GENTLEMEN: 


How swift is electricity! It hastens on its way with the 
speed of the lightning. When men began in earnest to in- 
vestigate its laws, and to make practical application of it to 
the arts, it seemed as though they became infected sympa- 
thetically with this characteristic quality of Aurry. For the 
past quarter of a century mankind has been racing tumul- 
tuously in the wake of this newest servant of humanity, in 
the endeavor to subjugate it to ten thoviand different uses. 
Only yesterday it was harnessed to the chariot of human 
progress, and yet even at the start it is on nearly an even 
footing with steam. Every day new applications are being 
made, while old methods and forces are being abandoned. 

To-day, a new electrical invention is announced ; to-mor- 
row, further progress in the art may render the first useless, 
Having occasion lately to repair a dynamo that was built 
about seven years ago, I learned that machines of that type 
were no longer made. It was hard to recall to mind that 
such a machine had ever been made; yet, to us, the machine 
had hardly worn off its novelty. 


*A lecture delivered before the Franklin Institute. 
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It is just this rapid evolution and progress that makes it 
a thankless task to attempt to publish a book or prepare a 
lecture on the practice of one of the electrical arts. Before 
the ink is fairly dry, new inventions may have made the 
author’s words ancient history. One can only catch and 
record an instantaneous photograph, as it were, of the 
present condition of the art, content with the prospect that, 
before it is exposed to public view, it may be behind the 
times, and interesting only as a bit of history. 

It is needless to state that electricity is a wonderful and 
mysterious force; any attempt to explain its nature, or to 
give the theories by which the physicists attempt to explain 
it, would be outside the province of this lecture. Enough to 
accept it as a potent factor in our lives. You all know the 
varied ways in which it manifests its presence. It gener- 
ates heat, sufficient to weld iron or smelt metals. It lights 
our houses and streets. It sends messages around the 
world. It carries our words, and very tones, hundreds of 
miles. It transports our bodies from place to place with a 
speed to which there appears to be no limit. It can do 
subtler things than these. At its magic touch, chemical 
affinities are overcome, and substances are split up into 
their elements. Thus it manifests itself in the form of 
heat, light, motion, chemical action, while it is said to aid 
the growth of plants—attempting to rival the sun in its 
life-giving powers. 

This much by way of prelude. I will now enter upon 
the subject of the evening's lecture, which is the study of 
that one, among the various manifestations of electricity, 
on which the art of electro-metallurgy depends, namely, 
that force which causes the decomposition and recomposi- 
tion of chemical compounds. This force is named e/ectro- 
chemical force. 

Metallurgy is the art of obtaining metals from their ores, 
and includes the refining and parting of metals, as well as the 
smelting of ores; in fact, all processes by which the metals 
are isolated or set free from accompanying impurities. 

Electro-metallurgy, therefore, in its strictest sense, should 
be defined as the art of obtaining metals from their ores, 
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by the agency of the electric current. Unfortunately, until 
recently, the sole practical application of electricity to the 
isolation of metals has been in the separation and deposi- 
tion of certain metals, from aqueous solutions of their salts, 
upon a prepared surface, as in the processes of electro- 
plating and electrotyping. In these processes the finish of 
the plated articles, or the quality of the deposit, is of the 
first importance, and not the gaining of the metal. 

The term electro-metallurgy, to most persons, is now 
synonymous with this kind of deposition. It would be 
better to call these processes e/ectro-deposition, since the 
proper deposition of the desired metal on the surface of the 
article treated is the sole object aimed at; and to reserve 
the term electro-metallurgy for its correct signification as 
the art of recovering metals from their ores, and refining 
them, by electricity. In the first case, the nature and form 
of the deposit is everything. In the second case, these are 
secondary considerations, while the great desideratum is 
quantity and purity of deposit. 

Historical Sketch—QOne of the commonest and simplest 
forms of electro-deposition is shown when one metal is coated 
with another by simple immersion in a solution of a salt of 
the latter. For example, iron dipped into a solution of cop- 
per becomes coated with copper, while copper receives a 
deposit of silver when dipped in a solution of silver. Zinc, 
or aluminum, precipitates lead from its solutions, while lead 
in turn throws bismuth out of its solutions. The fact of the 
deposition of copper from its solution by iron is mentioned 
as early as the fifth century. Palissy, the potter, in the six- 
teenth century, describes the method of coating copper and 
iron with silver by immersion in silver solution. Sulzer, in 
1752, noticed a taste like that of green vitriol when silver 
and lead in contact were placed on the tongue. 

In 1790, two Dutch physicists decomposed water by 
means of electrical sparks (obtained by friction). In 1799, 
Volta made his famous discovery of the production of an 
electrical current by chemical action; and shortly after pro- 
duced his “crown of cups,” by means of which a continuous 
current could be produced. 

VoL. CXL. No. 838. 19 
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All the curious facts known and noted up to this date had 
remained simply curiosities in the realm of science, and no 
practical application of them, so far as we know, had been 
made. From this time, however (that is, no longer ago than 
the beginning of the present century), investigators began 
to record results with increasing frequency, although two 
score years more were destined to pass before any of their 
discoveries should bear fruit in actual industrial processes. 

I will rehearse some of the discoveries which bear 
directly on our subject. 

In 1800, water was first decomposed by the voltaic current. 
In 1801, it was noticed that if silver were used as a negative 
pole in a solution of copper, the silver received a coat of 
copper which would stand burnishing. During the next 
few years various observers noticed the liberation of the 
constituents of various salts at the two poles of the batter- 
ies, and Brugnatelli gilded two silver medals, by making 
them negative poles in a gold solution. Sir Humphrey 
Davy, in 1807, deposited metallic potassium on platinum by 
means of a powerful current of 274 cells, which was passed 
through moistened caustic potash. In 1831, Faraday dis- 
covered magneto-electricity, on which discovery depends 
the principle of all the dynamo machines of to-day. In 
1834, he formulated his law of electro-chemical equivalents, 
which will be referred to later. 

In 1836, the Daniell cell for generating electricity was 
invented. It was the first two-liquid cell, and gave a very 
constantcurrent. As itis the type of nearly all the batteries 
now in use, and affords an instructive illustration of the 
process of electro-deposition, it will be well to describe its 
construction and action. It consists of an external vessel 
containing a cylinder of zinc. Inside of the cylinder of zinc 
is a porous earthenware vessel, and inside of this again isa 
strip of copper. The inner porous vessel is filled with a 
solution of sulphate of copper immersing the copper strip. 
In the external vessel, and immersing the zinc cylinder, is 
dilute sulphuric acid. ‘The acid slowly dissolves the zinc, 
forming sulphate of zinc and liberating hydrogen. The 
hydrogen passes through the porous clay vessel, displaces 
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the copper of the sulphate of copper, thus forming sul- 
phuric acid. The copper, which is displaced from the sul- 
phate, is deposited on the strip of copper which forms the 
negative pole of the battery. 

From 1837 to 1840, electro-deposition, in the form of elec- 
trotyping and electroplating, was brought prominently into 
notice, and began to be used practically on the commercial 
scale. For several years, the deposition was performed ex- 
clusively by currents generated with batteries, but in 1842, 
Woolrich took out a patent for the first magneto-electric 
machine for generating currents for electro-deposition. 
From that date until 1866, no new principles in electro- 
deposition were discovered, but some progress was made in 
the improvement of machines, solutions and other details. 
In 1866, Elkington, in England, obtained a patent for refin- 
ing copper by electricity, and this date marks the beginning 
of the application of the electric current to electro-metal- 
lurgy proper. The electrolytic copper refining industry has 
assumed immense proportions, and following hard upon it 
have come processes for refining silver-lead, for smelting 
aluminum and aluminum alloys, as well as numerous pro- 
cesses for extracting metals directly from their ores without 
the intervention of heat derived from fuel. 

Principles.—Before entering upon a description of these 
processes, it will be well to give a very concise résumé of 
the principles underlying electro-chemical action. 

(1) Whenever electricity is generated, whether by fric- 
tion, by galvanic action, or by motion in a magnetic field, 
there is set up a tendency for the electricity to flow from 
one place to another; ¢. g., from the positive to the negative 
pole. This tendency is strong or weak, according to the 
nature of the generating cause, and is measured by the 
capability of the current to overcome the various resist- 
ances opposed to its flow. This capability of overcoming 
resistance is called the electro-motive force. It is analogous 
to the pressure of steam, or to the force of a head of water. 
A certain E.M.F. will transmit a given quantity of elec- 
tricity through a given resistance in a second. If the resist- 
ance be increased, the same E.M.F. will transmit a certain 
smaller quantity in a second, and vce versa. 
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The quantity of electricity which passes through a given 
circuit in a given time is a measure of the intensity of the 
current. The power of decomposing chemical compounds 
is proportional to the intensity of the current. Although 
it is true that a definite minimum E.M.F. is necessary before 
any decomposition will take place, when this limit is once 
reached, the quantity of material decomposed in a second 
will depend entirely on the intensity of the current, and not 
at all on the E.M.F., which may be increased to any extent 
without changing the rate of deposition. 

The electrical resistance of a conductor of electricity is 
the property it possesses of impeding the flow of a current 
through it; that is, of diminishing the quantity of elec- 
tricity that will pass through it in a given time, when urged 
by a given E.M.F. The resistance of a conductor is in- 
versely proportional to its section and directly proportional 
to its length and to its temperature, except that with liquid 
conductors the resistance decreases with increased temper- 
ature. Compared with the metals, liquids have an enor- 
mous resistance. The best conductors among liquids have 
a resistance many thousand times greater than that of the 
most resisting metal. The relative resistance of liquids is 
decreased by the presence of acids or metallic salts. The 
practical unit of E.M.F. is the volt, and is very nearly equal 
to the E.M.F. of the current generated by one Daniell cell. 
The unit of intensity is the ampére, and is taken to be that 
current which will deposit in one second of time 1°12 milli- 
grams of silver. The unit of resistance is the ohm, and 
is represented by a column of mercury about 34 feet long 
and 1-25 inch square, at 32° F. A current having an E.M.F. 
of one volt, will transmit a current of one ampére through 
a resistance of one ohm in one second. Please keep in 
mind the meanings of these terms—volt, ampére and ohm 
—and note that the depositing power of a current depends 
not on the E.M.F., or voltage, of a current, but entirely on 
its intensity, as shown by the ampéremeter. I emphasise 
this because I have sometimes found it difficult to convince 
so-called electrical experts that a high voltage would not 
answer just as well for depositing purposes as the required 
number of ampéres. 
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(2) The relation existing between these three factors in 
any current produced by a given constant cause, is embodied 
in what is known as Ohm’s law, which is as follows: 

The intensity of the current, C, is obtained by dividing 
the E.M.F., Z, by the resistance, X, thus: 

E 
C= R' 
whence 


= 
E 
E 


and 


E=xC R, 


By the aid of these formule, if any two of these factors 
are known, the third is easily found. Thus, if the ammeter 
shows the current through a given circuit to be looampéres, 
while the voltmeter shows an E.M.F. of fifty volts, it is 
evident at once that the resistance of the circuit is 


R= i= 30 = 4 ohm. 


100 


(3) It is essential, in preparing for any industrial pro- 
cess, to know the amount of work that is to be performed. 
We find that the work done by an electric current is equal, 
in kilogrammeters, to the product of the ampéres by the 
volts, divided by g,the gravitational acceleration (= 9°81), or 
0 mn &SH. 

g'81 

For example, if a machine generates a current whose 
E.M.F. is 100 volts, and whose intensity is 200 ampéres, it 
will perform work as follows : 


W = 100 _X 200 2,040 kilogrammeters ; 
9°81 
or, as 75 kilogrammeters = 1 horse-power, the work per- 
formed will be 27°2 horse-power. 
(4) When a current of electricity passes through certain 
liquids, it will decompose them. This operation has been 
termed by Faraday, electrolysis. The liquid in which the 
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decomposition occurs is called the electrolyte. The elec- 
trodes are the conductors immersed in the liquid, the anode 
being the electrode through which the current enters, and 
the cathode the one through which it leaves the bath. In 
order to produce electrolysis, the substance to be decom- 
posed must be a conductor of electricity, and it must be a 
liquid ; 2. ¢., either in solution or ina state of fusion. When 
decomposition takes place, the hydrogen, metals or bases, 
flow to the cathodes, while the oxygen, or acids, flow to the 
anodes. If the anodes are soluble, or attackable by the 
products of electrolysis, they will be gradually dissolved or 
oxidised. The accumulation about the anodes of the pro- 
ducts of decomposition, and of the oxides formed from the 
metals of the anodes, interferes considerably with the 
efficiency of the current, on account of the resulting polari- 
sation, and the tendency to set up currents in a direction 
opposite to the decomposing current. These effects can be 
partially prevented by constant agitation of the bath. 

(5) Faraday, in 1834, gave us two important laws gov- 
erning electrolysis : 

(a) The quantity of substance decomposed in a given 
time is proportional to the intensity of the current (or the 
quantity of electricity passing through). A corollary of 
this law is that, in order to set free a given quantity of any 
substance, a constant quantity of electricity is required. 
These two quantities are electro-chemical equivalents. 

(6) The same current acting at the same time on a series 
of solutions of various kinds will separate in each solution 
definite weights of the constituents in the ratio of their 
chemical equivalents. If, forinstance, the current traverses 
tanks containing, respectively, water, lead acetate and silver 
nitrate, for each gram of hydrogen set free in the first tank, 
there will be found, respectively, 103°5 grams of lead and 
108 grams of silver in the others. 

Various causes operate to interfere with the action of 
these laws, notably, the secondary currents engendered at 
the anodes by oxidation, etc. 

(6) The work absorbed in decomposing a given substance 
is equal to the work corresponding to the heat produced by 
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the recombination of the elements, or ions, of the decom- 
posed substance to form the original compound. As one 
ampére will decompose constant amounts of an electrolyte 
with varying E.M.F., it follows that to electrolyse a given 
compound, it will be necessary to use a certain minimum 
E.M.F. Whatever be the quantity of electricity that passes 
through the electrolyte, no decomposition will take place 
until this E.M.F. is reached. Thus, for example, to decom- 
pose water an E.M.F. is required of nearly one and one-half 
volts; for chloride of zinc, two and one-half volts; for cop- 
per sulphate, one and one-quarter volts; for copper nitrate, 
one and one-sixth volts; for lead nitrate, one and one- 
half volts; for silver nitrate, only three-eighths volt, etc. 

(7) When several metals are in the same solution, that 
one will be deposited first, which, under existing conditions, 
is most electro-negative. 

The purity of the deposited metal depends on various 
other conditions, viz.: the acidity of the solution and the 
amount of other metals present in solution. These other 
more electro-positive metals are more likely to be deposited 
in a neutral or alkaline than in an acid solution, and if they 
are present in too large quantities, they will be thrown down 
with the negative metal. Ina solution containing silver, 
copper and lead nitrates, the current will not deposit a trace 
of anything but silver if the proper amount of acid is 
present, unless the lead and copper get to be considerably 
in excess of the silver. There is no danger of the deposi- 
tion of copper even when the solution contains one and one- 
half times as much copper as silver. 

(8) When the anodes are soluble and of the same kind 
as the deposited metal, as is generally the case in refining 
by electricity, the work absorbed by the decomposition is 
exactly replaced by the energy produced by the solution of 
the anode, and the consequent regeneration of the electro- 
lyte. But this does not mean that no work is required in 
these electrolytic processes. On the contrary, a large 
amount of work is absorbed in overcoming the resistance of 
the circuit, in making up for leakage of electricity, in coun. 
teracting polarisation and reversal of the currents, in work. 
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ing pumps, stirrers, etc.; so that the sum total of work per- 
formed, -. and consequently of power consumed, in these 
plants is very considerable. 

With this very brief review of the facts and laws which 
directly affect electrolysis, you are prepared to follow me in 
a description of that process with which I am most familiar, 
and to take a glance at some of the other allied processes 
which have lately come into great prominence. 

Moebius Process—The process now in use for the electro- 
lytic separation of silver and gold was patented by Bernard 
Moebius, about ten years ago. He installed his first plant in 
Mexico, where he perfected his process and proved its feasi- 
bility. He next introduced the process into the Kansas City 
Refinery ; but for some unexplained reason it was very soon 
abandoned. The next to take hold of the new process was 
the Pennsylvania Lead Company, which, on the advice of its 
efficient superintendent, the late F.C. Blake, secured the 
sole right for the State of Pennsylvania, and erected a com- 
plete plant in 1886. The original plant consisted of 49 
baths, guaranteed to refine 10,000 ounces of silver per 
day. Shortly after the completion of the original plant, the 
capacity of the establishment was doubled by the addi- 
tion of 49 more baths, making the total guaranteed output 
20,000 ounces of silver per day. The process was suc- 
cessful from the beginning and has worked smoothly and 
continuously, without a day’s interruption, up to the present 
time. It has been so managed as to turn out twice as much 
as the guaranteed output, or 40,000 ounces per day, and 
this, with only 84 baths, which is the largest number that 
can be run continuously. 

A small plant was in successful operation for a short 
time in New York City, but was abandoned, I think, for 
commercial reasons. Mr. Moebius has recently installed 
another plant at Pifios Altos in Mexico, and has only just 
completed one at St. Louis. Thus, until very recently, the 
plant at the Pennsylvania Lead Works, at Pittsburgh, has 
been the only one in the United States in continued success- 
ful operation. And here a few wordsin explanation of the rela- 
tive position of this process in the general work of the es- 
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tablishment. The primary object of the company was the 
production of refined lead suitable for corroding into white 
lead. Practically all the lead bullion now produced west of 
the Mississippi Valley carries more or less silver and gold. 
In refining the lead bullion, these impurities (for so they are 
to be considered) must be eliminated. Therefore, treatment 
of gold and silver becomes an essential part of the business 
of refining lead. The silver and gold are taken out of the 
lead by means of zinc, which, when intimately mixed with 
the lead, takes hold of the precious metals and bears them 
to the top of the bath. The resulting zinc-silver-lead alloy 
is skimmed off and subjected to a high heat, by which the 
zinc is distilled off and recovered by condensation, while the 
alloy of lead, silver and gold, left from the distillation, is 
cupelled. By the process of cupellation the lead is oxidised, 
being converted into litharge, which runs off the metal, leav- 
ing finally the alloy of silver and gold in the cupel. This sil- 
ver-gold alloy (called doré bullion), it was formerly customary 
to ship to the New York Assay Office, where it was parted 
at a cost of one cent perounce. Nowit is taken to our own 
parting-room, which is merely an addition to the regular 
operations of the company. Although the process is of the 
nature of a side issue, it has enabled the company to under- 
take an immense business in the way of refining silver bars 
from amalgamating mills, and silver sulphides from lixivia- 
tion works, which could not have been handled economi- 
cally without the aid of this, or some other parting process. 

The silver is refined on the cupel until it contains not 
over two per cent. of impurities (lead, copper, bismuth). 
If more impure silver is treated, there is more or less bother 
with accumulations of copper and lead in the solutions, 
with consequent large amounts of by-products, and also 
increased difficulty in turning out a pure product. When 
the silver has attained the proper degree of purity, it is 
cast from the cupel into flat plates about 18 inches long, 
10 inches wide and 4 inch thick, weighing 425-475 ounces 
troy (about 30 pounds avoirdupois). These form the 
anodes in the electrolytic operation. Each plate has three 
projections or lugs on one of the long sides. Holes 
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are punched in these lugs to receive the wires which sus- 
pend the plate in the solution. The three supporting wires 
(7%; inch diameter) are attached to a copper rod 28 inches 
long and } inch in diameter, and then the plates are ready 
to be placed in the tanks. 

The ninety-eight baths are arranged in sets of seven, each 
set being styled a tank. These tanks are made of 2-inch 
California redwood plank, joined together very carefully. 
The bottom is lined with sheet rubber. Each tank is 11 
feet long, 24 inches wide, and 20. inches deep (inside mea- 
sure), each separate cell, or bath, being 2 feet long by 18 
inches wide. 

The electrolyte is a solution of nitrate of silver and 
nitrate of copper in dilute nitric acid. The acid present 
is only 4 to 1 per cent. of the solution, as only just 
enough acid is used to prevent the deposition of cop- 
per. The consumption of acid is about one pint every 
twenty-four hours for each bath. The current is conducted 
to the baths through rods g inch in diameter. The rods 
connecting the tanks are so arranged that any one or any 
number of the tanks may be left out of the circuit if 
desired. 

The cathodes are thin sheets of pure silver, 13 x 20 x gy 
inches thick, weighing 50 ounces troy (34 pounds avoirdu- 
pois). These cathodes ure rolled in the machine shop of 
the company, from their own silver. In each bath, four 
of these cathodes are suspended, alternating with three 
anodes. The distance between cathodes and anodes is 
about 1% inches. The rods which support the cathodes 
and anodes themselves rest on the main conducting rods, 
which are arranged horizontally along the sides of the 
tanks. On the side of the bath where the current enters 
the anodes, the ends of the cathode wires are insulated by 
rubber, while on the opposite side the ends of the anode 
rods are insulated, while the cathode rods are in direct 
contact with the conductor. 

The current from the dynamo has an intensity of 180 
ampéres. It enters a bath through three anodes, and is, 
therefore, divided up into three parts, each with an intensity 
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of 60 ampéres. It passes out at each side of each anode, 
through the solution, to the cathodes, so that the intensity of 
the current through the solution is 30 ampéres. These 
divisions of the main current pass out through the cathodes 
and are reunited in the main rod and carried to the next bath. 
The cells, or baths, are arranged in series, the whole current 
passing through each bath. Each anode is suspended in a 
muslin bag, which serves to collect the undissolved metals, 
which fall in the shape of a black slime. The metals thus 
caught are all of the gold and bismuth, the greater part of 
the lead as peroxide, together with some silver and copper. 
Below this system of anodes, cathodes and bags is stretched, 
on a box-like frame, a piece of cloth on which is gathered 
the deposited silver, as it is scraped from the cathodes by 
wooden “brushes.” These brushes straddle the cathodes, 
hugging close to each surface without touching. They are 
kept moving to and fro by machinery, and they serve not 
only to brush off the silver as fast as it is deposited on the 
cathodes, thus preventing short-circuits, but also, by keeping 
up a constant agitation of the liquid, to prevent, to a large 
extent, polarisation and the tendency of the solution to 
settle into layers. 

The principal points covered by the patents of Mr. 
Moebius relate to these mechanical stirrers, and the bags 
for collecting the gold slimes. 

Now we will suppose that we are running 10 tanks, or 
70 baths. The dynamo is made to generate a current of 
180 ampéres. The voltmeter shows an E.M.F. of about go 
volts. Then, by Ohm’s law, 


E 
i =), 
(R = 7) 
it appears that the resistance of the circuit is 4 ohm, or 


about ‘007 ohm for each bath. The work absorbed by 
this current is, by our formula, 


W a= 8t ico’ PRD. OO og horse-power. 
9°81 X 75 73°58 
The total cathode surface per bath is 10 square feet. The 
current being 180 ampéres, the density of the current will 
be about 18 ampéres per square foot of cathode surface. 
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The current, in its passage through the solution, decom- 
poses the nitrate of silver. Silver is deposited on the cath. 
odes in the shape of dazzling white, coarse crystals, and 
nitric acid is formed. ‘This acid attacks the anode, dissolv- 
ing silver and thus restoring nitrate of silver to the solution. 
The nitric acid also dissolves the copper and some of the 
lead, and oxidises the bismuth and the rest of the lead, 
making products which remain undissolved in the bags. 

I have mentioned that the density of the current is 
18 ampéres per square foot of cathode surface. This is 
high compared with the density used in copper refining, and 
is.the cause of the loose crystalline deposit, as, with a low 
current density, the deposit tends to become cohesive. In 
the case of silver, this crystalline structure is cf advantage, 
as the silver can easily be brushed off and collected at fre- 
quent intervals. If it were deposited in a cohesive coating, 
either a far greater quantity of silver would need to be 
carried in stock, which would unduly increase the interest 
charges; or, one would have to be continually remelting old 
cathodes and making new ones, which would be expensive- 

A current of 1 ampére will deposit from a solution of 
silver nitrate 1°12 milligrams of silver per second; a cur- 
rent of 180 ampéres, therefore, will deposit 201°6 milli- 
grams per second. According to the second of Faraday’s 
laws, the same current will deposit equal amounts, simul- 
taneously, in each of the seventy baths; consequently, our 
current should deposit 14°11 grams per second in the 
whole series. This amounts to a deposition of 50°8 kilo- 
grams per hour, or 1219'28 kilograms per day (=39,205 
troy ounces). As the horse-power expended to deposit 50°8 
kilograms per hour is about 22, it follows that each kilo- 
gram of silver deposited consumes about # horse-power 
per hour (} pound per horse-power per hour). Although, 
theoretically, our 70 baths should deposit 39,205 ounces per 
day, in practice this yield is not obtained for several 
reasons : 

(1) The anodes have to be drawn up out of the baths, 
for the purpose of cleaning up the gold and silver, This 
consumes considerable time each day. 
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(2) Shorter interruptions of the deposition are neces- 
sary for replacing anodes, cleaning connections, examining 
insulations, etc. 

(3) With our small machine, which is not quite large 
enough for the work put upon it, constant vigilance is nec- 
essary to keep the current up to 180 ampéres throughout 
the 24 hours, and, of course, any lowering of the intensity 
of the current means a proportionate decrease in the 
output. 

The actual working results, day in and day out, will aver- 
age 33,000 ounces per day for the seventy baths. Wecould, 
for a short time, deposit in the whole plant 45,000-50,000 
ounces per day; but in the long run it will be found neces- 
sary to keep about one-seventh of the tanks under repair 
all the time. 

The labor required in the process is slight. A carpenter 
is employed constantly in repairing and rebuilding tanks, 
making brushes, boxes, etc. A mason and a machinist are 
needed about one day each per week for other repairs. 
Three men on day turn and one at night are all that are 
required to do the regular work, which consists of cleaning 
up and melting the fine silver, preparing the anodes and 
placing them in the bath at the proper time, cleaning up 
and refining the gold slimes, melting scrap silver, keeping 
connections clean and insulations perfect. Each tank is 
cleaned of silver every other day, and of gold once a week. 
A full-sized anode is dissolved in about two and one-half 
days. 

The deposited silver, as soon as it is taken from the 
tanks, is washed thoroughly with hot water, in order to 
rinse out the copper-bearing solution. It is then melted 
down in a large plumbago retort, which is capable of hold- 
ing 18,000 ounces (or 1,200 pounds avoirdupois). The fuel 
used is natural gas. Each retort melts on the average 
about 5 tons before breaking. 

The fineness of the silver produced is 999—often 999}. 
Indeed, it would require no effort to produce silver 9994 fine 
regularly, if it were of any advantage. By repeated washing 
it is possible to obtain almost absolutely pure silver. We 
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have furnished it to the mint as fine as 999°85. The gold 
slimes are melted, granulated and parted by acid. The 
resulting gold is 996-998 fine. 

The electrolyte (of which I show a sample) is of a 
beautiful green color, due to the presence of 4 per cent. or 
5 per cent. of copper. It also contains a small percentage 
of lead. As has previously been stated, when these three 
metals are present in nitric solution, the silver (being the 
most electro-negative) is deposited before the others. So 
long as the copper and lead are not present in too large 
quantities, and so long as a proper amount of acid is used, 
the silver will be deposited in a state of absolute purity. 
As the copper and lead accumulate to a dangerous degree, 
it becomes necessary to withdraw part of the solution, and, 
after throwing out the silver with salt, to precipitate the 
copper and lead. 

With large percentages of copper in the anodes, we have 
not been able to obtain silver fine enough to ship to the 
mint. Mr. Moebius, in his Mexican plants, has, I believe, 
treated bullion carrying 30 per cent. to 40 per cent. 
copper. But it is to be noted that the Mexican mint is not 
as strict as our own, and is satisfied to take silver contain- 
ing 10 per cent. copper. 

In 1891, the production of electrolytic silver in the United 
States was about 8,000,000 ounces, or about 13 per cent. of 
the total production. The production of 1892 will exceed 
this somewhat, owing to the adoption of the process at St. 
Louis, and to increased output of the Pennsylvania Lead 
Company. It will exceed 10,000,000 ounces. 
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Copper.—Shortly after Elkington obtained a patent for his 
process for the electrolytic refining of copper in 1866, cop- 
per refiners in various parts of the world began to adopt it, 
especially in England and Germany. In these countries 
there are plants that have been in operation more than a 
score of years. At the present time, the copper production 
of Germany at least is almost entirely refined by the elec- 
trolytic process. More recently modifications of this process 
have been very generally introduced into this country, 
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until now practically all the refining of argentiferous copper 
is done by electricity. 

In 1890, the estimated production of electrolytic copper 
in the United States amounted to 24,000,000 pounds, or 
about one-eleventh of the entire production of the country. 
In 1891 the amount increased to 36,000,000 pounds, or about 
one-eighth of the total product. 

In 1892 it is estimated that at least 50,000,000 pounds, 
probably one-sixth of the entire output of the United States, 
will be deposited by electricity. 

In the near future the immense output of the Anaconda 
mills (heretofore sent across the water) will be treated in 
this country, and still further increase the percentage of 
electrolytic copper. 

The process is now in operation in fifteen to twenty re- 
fineries in the United States. The largest of these are: 

The Baltimore Copper Smelting and Rolling Company, 
Baltimore, Md.; Balbach Smelting and Refining Company, 
Newark, N. J.; Boston and Montana Copper and Silver 
Mining Company, Great Falls, Mont.; Bridgeport Copper 
Company, Bridgeport, Conn.; Anaconda Mining Company, 
Anaconda, Mont.; Baltimore Refining Company, Baltimore, 
Md.; Chicago Copper Refining Company, Blue Island, IIL; 
Lewisohn Bros., Pawtucket, R. I. 

The total estimated capacity of all the electrolytic plants 
aggregates 4,000 tons per month, that is, these works run- 
ning full could refine about twice as much as the estimated 
electrolytic production of the present year. 

The general principles involved in this process are the 
same as those upon which silver deposition depends. The 
electrolyte in this case is a solution of sulphate of copper. 
Plates of impure copper (95 per cent. to 98 per cent.) form 
the soluble anodes, while the cathodes are thin sheets 
of pure copper. In two important modifications, called 
Smith's and Hayden's processes, the plate of blister 
copper answers as both anode and cathode. In Smith's 
process the plates are arranged horizontally, and the current 
causes the solution of copper from the under side of each 
plate, and a corresponding deposit on the upper side of the 
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plate below. This upper surface receives a coating of wax, 
or paraffine, which prevents the deposit from cohering 
firmly to the impure copper. Cotton screens are placed 
between the plates to catch the undissolved metals. Hay- 
den’s process differs from Smith’s in having the plates sus- 
pended vertically, as in the Moebius process, and in having 
no screens between the plates. 

The copper, on account of the low density of the cur-ent, 
is deposited in a coherent layer in the form of a skin—not 
in loose crystals. In some of those plants in which pure 
copper is used as cathodes, these “skins” are peeled off as 
soon as they are thick enough to bear their own weight, and 
are used as cathodes, When the copper deposit has reached 
a certain thickness, the cathodes are removed from the bath 
and melted for shipment. The impurities (lead, silver, 
gold, arsenic and antimony) remain undissolved, drop to the 
bottom and are regularly cleaned up and refined. Iron and 
nickel go into solution, but are not deposited, being elec- 
tro-positive compared with copper. The arrangement of 
the baths varies in different establishments. In some they 
are arranged entirely in series, z. ¢., the whole current tra- 
verses each bath; in others, the current from the dynamo is 
divided into several parts, each traversing a set of baths 
arranged in series. 

A striking difference between a silver electrolytic plant 
and one for copper, lies in the size of the electrodes and the 
number in each bath, as well as the number of baths. The 
anodes may be 36 inches long by 24 inches wide and 1 
inch thick, weighing over 300 pounds each. The number 
of anodes in each bath varies from 16 to 18 up to 100. 
The number of baths in the larger works is from 200 
to upwards of 400. Thus, an enormous quantity of metal 
is held in stock, compared with amount required in the 
Moebius process. By thus increasing the size of the 
electrodes, and the number in each bath, the resistance is 
proportionally decreased, causing a smaller expenditure 
of power for the same amount of copper deposited. The 
interest charges are of course increased. Each plant 
must decide for itself how far it can afford to decrease 
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the consumption of power by increasing the quantity of 
metal carried in stock. Some of the large anodes require 
two months to dissolve, while the cathodes are left undis- 
turbed between two and three weeks. 

In order to deposit copper in large quantities daily, as is 
necessary in these days of fierce competition, currents of 
great intensity are used. On account of the low resistance, 
the E.M.F. required is low also. Some of the machines in 
use generate a current of 3,000 ampéres, which means a 
deposition of about 8 pounds per hour for each bath in a 
series. The greater number, however, use a current of 1,000— 
2,000 ampéres. The E.M.F. varies from 6--100 volts, one or 
two machines going as high as 150. The anodes in this pro- 
cess are produced by a series of treatments of ores and 
mattes by fire. A large part of the cost of producing copper 
lies in this preliminary treatment. 

Lately, two processes have come into use in Germany, 
which do away with fire, and which appear to be successful 
in obtaining an electrolyte directly from the ore in the wet 
way. ‘The two processes are similar in principle, differing 
only in solvents used and in minor details. It is claimed 
that by these processes, low-grade copper ores which have 
never repaid treatment can now be treated at a profit. 

In the Siemens process, the pulverized ore, or matte, is 
leached with a solution of neutral ferric sulphate, which has 
the property of converting cupric and cuprous sulphide, as 
well as metallic copper, into cupric sulphate, which is dis- 
solved. In the operation, the ferric sulphate is changed to 
ferrous sulphate. This solution of ferrous sulphate and 
sulphate of copper is conducted to the electrolytic tanks, 
where it serves as electrolyte. At this point a small amount 
of sulphuric acid is added. The anodes are carbon, conse- 
quently insoluble. The solution from the leaching vats is 
fed continuously into the cathode chamber, where the copper 
is deposited. Thence it passes to the anode chamber where 
the oxygen set free by electrolysis converts the ferrous sul. 
phate into basic ferric sulphate. It is thus that the polar- 
isation, which is generally excessive where insoluble anodes 
are used, is overcome. The free sulphuric acid in the solu- 
Vot. CXL. No 838. 20 
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tion converts the basic ferric sulphate into neutral ferric 
sulphate, and the process of regeneration iscomplete. ‘The 
solution, as it leaves the electrolytic tanks, is pumped up 
and used for leaching a fresh portion of ore. 

In Hoepfner’s process, the solvent is a solution of cupric 
chloride in strong brine, or in a concentrated solution of 
chloride of lime. This solution will dissolve the sulphide 
of copper and silver, with precipitation of sulphur and con- 
version of the copper salts into cuprous chloride. From 
cuprous chloride solution, nearly twice as much copper is 
deposited by a given current as from a solution of the sul- 
phate. As in the other process, this solution is fed continu- 
ously into the cathode chamber, where the copper is com- 
pletely precipitated. An equal amount of this same solu- 
tion is fed simultaneously into the anode chamber, where 
the liberated chlorine converts cuprous chloride into cupric 
chloride. The solutions coming from both chambers are 
mixed together, thus regenerating the original solution. 

It is stated that Siemens’ process is in use in only one 
plant near Berlin, but that Hoepfner’s process has been 
adopted at three places in Germany. It is quite likely that 
this process may soon come into prominence and mark 


another decided advance in the metallurgy of copper.* 


Aluminum.—In no department of metallurgy has elec. 
tricity achieved so great a success as in the production of 
aluminum. It has fairly monopolised the whole field, and 
driven the old chemical processes out of existence. Indeed, 
before the advent of electrical methods, aluminum was so 

* From vol. iii, of Rothwell’s ‘‘ Mineral Industry:’’—The production of 
electrolytic copper in the United States, in 1894, is given as 115,000,000 
pounds, The old-established refineries, such as those of the Balbach Smelt- 
ing and Refining Company, the Baltimore Electrolytic Company, and the 
Bridgeport Copper Company, increased their output, and several new works 
have been started or enlarged. Among the latter may be mentioned the 
works of the Nichols Chemical Company, at New York; the Boston and 
Montana Company, at Great Falls; and the electrolytic works of the Ana- 
conda Company, at Anaconda, which were remodeled in 1894 on the Tho- 
fehrn plan ; the works building at Salt Lake City, embracing a Bessemer and 
an electrolytic plant ; and the large works of the Guggenheim Brothers, under 
construction near Perth Amboy, N. J. W. 
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expensive as to preclude its use in the arts, and the whole 
development of the aluminum industry may truthfully be 
credited to electricity. In 1855, when it was first produced 
in quantity, it was valued at $90 per pound. As methods 
were improved, the price gradually fell to $5, in 1887. 
In 1888, the Pittsburgh Reduction Company began to pro- 
duce pure aluminum by electricity, and placed it on the 
market at $2 perpound. At present, the metal is quoted at 
50 to 65 cents per pound, according to purity. The total 
world production, from 1860 to 1889, inclusive, is estimated, 
by Mr. R. L. Packard, at 232,000 pounds. During 1890 and 
i891 alone, the production in the United States amounted 
to 258,000 pounds. These figures show what a revolution 
has been wrought by electricity in this field. 

It is not my intention to enter into a detailed description 
of the processes in use, but I will simply mention some of 
the points wherein they differ from the processes already 
described. 

The one great difference is the condition of the electro- 
lyte. Hitherto we have spoken only of solutions. The elec- 
trolyte in the aluminum bath is in a state of fusion. It 
consists of a solution of alumina (artificially prepared from 
the ore) in molten cryolite, which is a double fluoride of 
aluminum and sodium. The electrodes are of carbon, and 
the passage of the current through the electrolyte generates 
sufficient heat to keep it melted. An enormous quantity of 
power is absorbed in this process, amounting, according to 
Mr. Hunt, the president of the company, to 22 horse-power 
per pound per hour. 

The principal producers of aluminum and alloys in the 
world are: The Cowles Syndicate Company, England ; The 
Metal Reduction Syndicate, England; The Alum, Industrié 
Actien Gesellschaft, Switzerland; The Cowles Electric 
Smelting and Aluminum Company, Lockport, N. Y., and 
The Pittsburgh Reduction Company, Pittsburgh, Pa.* 


* Since the delivery of this lecture there have been no radical changes in 
the metallurgy of aluminum. The electrolytic method of production still 
maintains its supremacy, and the entire product is thus manufactured. The 
Pittsburgh Reduction Company is at present the sole producer of the pure 
metal in the United States. This company has just put in operation an 
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Lead.—Mr. N.S. Keith has patented a process for refining 
lead bullion, in which the method of treatment is very 
similar to that used in copper refining. The anodes are 
plates of impure lead, the electrolyte is a solution of su)- 
phate of lead-in acetate of soda. The process was entirely 
successful, mechanically and metallurgically, but the cost 
of treatment was too great, and the large works erected in 
New York were abandoned. It is probable this process will 
again be heard from in the days of cheap electricity. 

Considerable interest has been manifested in electrolytic 
processes for recovering zine from its ores, but nothing of 
value has yet been attained in that direction. Zinc is so 
cheaply produced by fire, the energy necessary for its elec- 
trolysis is so great, that it does not seem likely that these 
attempts will be financially successful in the near future. 

To summarise: we have found that, within the last two 
decades, electricity has entered the metallurgical arena, and 
has achieved for itself the refining of one-sixth of the 
copper and silver produced in the United States (not to 
mention the Old World) and the production of the world’s 
entire output of aluminum. 

The processes thus far mentioned constitute about all 
the electro-metallurgical processes in general use at the 
present time. Numerous patents have been granted on 
processes for electrolytic treatment of various kinds of ores 
and for refining metals, but as yet they have met with no 
great success. As electricity becomes cheaper, however, 
there is every reason to believe it will play an increasingly 
important part in the metallurgical arts. 


extensive electric plant for the metal at Niagara Falls. These works will be 
able to utilise 5,0co horse-power. 

In Europe, the Aluminium Industrie Gesellschaft, at Neuhausen (Switzer- 
land), continues to be the largest producer. Dr. J. W. Richards estimates the 
world’s production of the metal, in 1894, at 2,246,000 pounds, valued at 
$1,123,000. Of this amount there were produced in the United States 706,000 
pounds, or about 30 per cent. The production of 1894 was nearly double that 
of 1893. The selling price of the metal in the United States was from 50 to 
63 cents per pound, according to size of order and quality. Taking into con- 
sideration the large increase in the capacity of European and American works, 
lately made or in course of extension, the same authority believes that the 
production of aluminum in 1895 will be in the neighborhood of 8,000,000 


pounds, or 4,000 net tons. W. 
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SELF-PROPELLING VEHICLES, 


rhe following editorial expressions, which we reprint from a recent im- 
pression of the A£vectrical Engineer, besides giving’a very sensible summary 
of this interesting subject, contain one highly suggestive reference to the 
possible utilisation of the trolley system in connection with the development 
of this species of road travel, which may be as new to our readers as to our- 
selves, Viz.: 

‘There is, perhaps, no country in the world where art, science and indus- 
try are so much encouraged by the awarding of prizes for meritorious work 
and progress as in France; and although it might possibly be argued that no 
invention or appliance of the first order of importance was ever the direct 
outcome of a prize competition, still it is not to be denied that the origin of 
many advances can be traced to the stimulus of a prize competition. Even 
if such competitions do not always result directly in bringing out the desired 
improvement, they nevertheless draw attention prominently to the object in 
view, and set to work many who would otherwise remain passive, if not 
in total ignorance of the needs of the times. We are led to these reflec- 
tions in contemplating the results of the late self-propelled vehicle compe- 
tition over the road between Paris and Bordeaux and return, which has 
attracted more than an ordinary amount of attention, and deservedly, as it 
touches so closely the question of cheap and rapid transportation. To look 
upon the results of this competition merely in the light of a race organised 
by wealthy amateurs with a fad, is to ignore the philosophy of the history of 
transportation, and more particularly the most recent part of that history, as 
embodied in the annals of the electric railway for the last ten years. 

‘The horse has already been practically banished from the streets of 
American cities as a popular means of passenger transportation, and gradu- 
ally, but surely, the rest of the world will follow American example. But the 
highway and country road still afford an asylum to the horse; yet even here, 
as the recent contest in France has shown, he is not safe from competition. 

‘The result of the race demonstrated the remarkable qualities of the 
petroleum motor over a course covering such a distance, and must have been 
a disappointment to those who had cherished hopes for the success of the 
electric carriage which entered the lists. The result, so far as the electric 
carriage was concerned, might have been foreseen. We have never been 
accused of lukewarmness in advocating the adoption and application of elec- 
tricity to any useful purpose suggested, but a consideration of all points in- 
volved leads us to the unavoidable conclusion that, for ong distances, such 
is those covered in the Paris-Bordeaux contest, the electric storage battery 

arriage is not yet available. * * * It requires 250 pounds of battery and 
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motor to produce one horse-power hour, and, handicapped in this fashion, it is 
useless to pretend that the storage battery can compete with power directly 
applied, by a prime mover weighing less than one-quarter of the necessary 
electrical equipment. Granted even that a lighter form of storage battery 
may make it possible to reduce the weight, even the copper-alkaline cells 
would hardly reduce the weight of battery more than one-third. We have, 
in the above comparison, considered the electric storage battery carriage in 
the light merely of a long-distance traveler; but while compelled to admit 
its inferiority under such conditions, we are by no means ready to concede 
like superiority for the petroleum motor for the ordinary distances, to cover 
which wagons are usually employed. After all, the French contest was a 
tour de force, and it is doubtful if any one, desirous of going from Paris to 
Bordeaux and return, on business, would dream of selecting the wagon-road 
instead of the steam railway. To that extent, therefore, it is necessary to 
modify the opinion which one is apt to form at the start. * * * 

“ The first consideration in modern travel is comfort, and this holds true 
as well for short as for long distances. It is this requisite, aside from the 
question of speed, which has made the stage-coach and omnibus a memory 
in most civilized countries, and has given the electric car the popularity it 
enjoys. Granted, then, the conditions of short haul (which is the normal 
work of a road carriage) and maximum comfort, we are not alarmed for the 
future of the electric carriage. On the contrary, comfort being the first con- 
sideration in vehicles of this type, the comparison, as between a heat engine 
of any description whatever, and the electric motor, becomes almost ludi- 
crous. Far, therefore, from losing courage, those who are devoting their 
attention to the construction of electric carriages should redouble their efforts. 
The several recent designs of electric carriages actually constructed * * * 
give evidence of intelligent thought, and, with the improvements suggested 
by their operation in practice, we may soon expect the creation of a regular 
demand for such vehicles. Nor must it be forgotten that there are other 
means of electric propulsion to which ordinary road vehicles are well adapted, 
and that the trolley carriage, fed by current from overhead conductors, is bv 
no means as remote as it would appear to be. Requiring no outlay whatever 
for track construction and repairs, rights of way, etc., a system of electric 
trolley carriages might in many instances be found profitable where a railroad 
would not pay. It may appear as a begging of the question to put forward 
the trolley carriage in a discussion of self- propelling vehicles, but we mention 
it merely to show that the methods at disposal for electrically-driven vehicles 
are by no means confined to the storage battery, while, naturally, the energy 
supply of all other types of carriages is limited to their fuel-carrying capacity. 

‘All indications point to a rapidly growing interest in vehicles of this 
class, an interest which is stimulated by the announcement of two new com- 
petitions—that organized by the 7imes-Herald, of Chicago, with $5,000 in 
prizes, and the other, by the London -Amgineer, which holds forth incentives 
in the shape of prizes aggregating 1,c0o guineas. These competitions will 
enable American and English inventors to test their vehicles of this class, and 
will afford a useful means of comparison with those of French design."’ 
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DURFEE’S HYDRAULIC VACUUM PUMP AND BLOWPIPE. 


Mr. W. F. Durfee, whose familiarity with the historical evolution of the 
mechanical arts is widely known to the readers of current engineering litera- 
ture, in a recent impression of the American Machinist, gives a description 
of “that very ancient mechanism for ‘ raising the wind,’ called a /rome,”’ in 
connection with certain modified forms of compression and vacuum appa- 
ratus, based on the same general principle, which he devised in 1869. Of 
this article the following abstract may be of general interest. The /ourna/ 
is indebted to the American Machinist for the use of the cuts. 

Fig. o is a vertical section of one form of the trompe. The water which 
operates it discharges from supply pipe 4, into the flared top of the vertical 
pipe C, which is furnished near its top with several inclined apertures ¢ ¢,, for 
the admission of air. In descending C, the water draws in air through these 
apertures, carrying it downwards into the closed chamber J), where the water 


Amer 


Fig. 0 Fi > & American Machinist 


dashes upon some obstruction, and is converted into spray, from which the 
entangled air separates, and, collecting in the upper part of the chamber D, 
is conveyed where desired through the pipe 2, while the water collects below 
and is discharged through a cock or other outlet provided for the purpose. 

The author places the trompe among the earliest mechanisms for furnish- 
ing air to furnaces and forge fires. It is believed to antedate the Christian 
era. Pliny speaks of it (A. D. 76), and Branca (162g) and Kircher (M/undus 
Subterraneus, 1665) give illustrations of the apparatus as applied to the 
blowing of organs and forge fires. In 1867, Bunsen applied the principle in 
the construction of his well-known filter pump. Mr. Durfee, in 1869, designed 
what he believes to have been the first apparatus in which the two functions 
of the trompe—compression and vacuum—were combined. 

Mr. Durfee’s combined vacuum pump and table blowpipe will be under- 
stood from the following description with the aid of the cuts: 
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‘ig. 7 is a general elevation, with air chamber sectional; Fig. 2, a plan 
of the air chamber; Fig. 3, a vertical section of the vacuum pump on line 
C PD, of Fig. 4, which is a horizontal section on line A 2 of Fig. 3. 

The vacuum pump is constructed of copper. The vacuum chamber £ is 
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supported on the upper expanded end of pipe Q, and has four nozzles (C, /, 
I, D), Fig. 4, two of which are seen in section at A 4, Fig. 7. Pis the water 
supply pipe, at the lower end of which is an internal pipe #, communicating 
with the vacuum chamber, and supported by twoelliptical nozzles VV. The 
upper end of pipe Pis closed by a conical cap. The relative sizes of the 
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pipes and # are such that an annular adjutage, one-sixteenth of an inch in 
thickness, is formed between their lower ends, through which the water from 
the supply pipe /, passes into pipe Q, drawing along with it any air that may 
be in the vacuum chamber Z and upper conical part of pipe Q, the air in 
/- having free access to the interior of the hollow cylindrical jet through the 
nozzles .V Vand the internal pipe #. 

When the apparatus is to be used as a filter pump, one of the nozzles, 
(, F, Z, D, is connected with the vessel to receive the filtrate, or several or all 
of them may be so connected and operated simultaneously. The several 
modes of making such connections and the construction of this air chamber 
are so Clearly shown in the cut as to make more detailed description unneces- 
sary, and it is scarcely necessary to notice that the orifices of the unused noz- 
zles must be properly closed by stoppers when the pump is in operation, and 
the valve x in the discharge pipe for water kept open. The action of the 
pump may be controlled according to requirement by the valve //, Fig. 7, 
which regulates the water supply. 

When the apparatus, Fig. /, is to be used as an air compressor and blow- 
pipe, the stoppers are removed from (,./, /, D to allow the air free access to 
the vacuum chamber, the valve x in the discharge pipe for water is partially 
closed, and any desired form of blowpipe inserted in the upper end of the air 


discharge pipe, asshown at Y, Fig. z. If the blast is required at some dis-- 


tance from the apparatus, a rubber tube of convenient length will be used for 
the purpose, and to the end of this the blast tuyere, held in some support, will 
be attached. The modus operandi of the air compressor will need no de- 
scription. It should be observed, however, that, to obtain the best results, 
the air chamber # should be located about 10 or 12 feet below the point 
of discharge of the blast. The volume and pressure of the blast may be 
regulated within the maximum limits by the suitable adjustment, respectively, 
of valves Hand x. 

Fig. 5 represents a form of trompe blowpipe made by Mr. Durfee, in 1863, 
for use in the laboratory of the steel works at Wyandotte, Mich., and has the 
advantage of being readily arranged with the means usually at hand in every 
laboratory. Itis formed of a three-necked flask, fitted air-tight with the 
funnel tube 2B extending nearly to the bottom, with a siphon tube C (for 
which, when a two-necked flask is used. acock D may serve) and with an 
outlet pipe /, for conveying the blast where it may be required for use. In 
service, this apparatus is placed beneath the hydrant cock O. 


ELECTRICALLY-LIGHTED BUOYS IN THE GEDNEY CHANNEL, 
NEW YORK HARBOR. 


London ature has the following to say respecting the successful lighting 
of the Gedney Channel entrance to New York Harbor: 

“A remarkable system of electric lights on buoys has just been completed 
at the Gedney Channel, off Sandy Hook. This channel is only 1,000 feet 
wide, and vessels have not, heretofore, been able to pass through it by night. 
The new system, however, provides a brilliant thoroughfare, lighted by ten 
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incandescent lights of 100 candle-power each, and each on a buoy, about 
fifty feet long, and rising twelve feet out of water. The cable which conveys 
the electricity carries the pressure of 1,000 volts under water, and is six and 
one-half miles long, being the longest cable in the world carrying a high- 
pressure current under water, and also the only one of its kind ever made. 
It consists of a copper conductor, insulated with gutta-percha, bedded in jute 
and sheathed with hard-drawn copper wire. The machines have an output 
of only 100 volts, but the current flows through a step-up converter, back of 
the switchboard, where it is converted into the required voltage, being thus 
perfectly safe to operate,” 


THE PHYSICAL PROPERTIES OF ARGON, 


Lord Rayleigh, in a recent communication to London Na/ure, contributes 
the following data bearing on the chemical position of argon. The gas was 
prepared from atmospheric air with the aid of oxygen and alkali only: 

‘“* Weighings at o° C. upon a large scale (two liters), and with the apparatus 
formerly employed for other gases, give, as the density of argon, (O, = 16) 


19°940, 
a number in almost exact agreement with that obtained by Professor Ramsay, 
working upon a relatively small scale, and with gas derived by magnesium 
(Rayleigh and Ramsay, PAi/. 7rans., 1895). 
‘In spite of its greater density, the refraction (« — 1) of argon is only 

‘961 of that of air; so that if we take for air under standard conditions 

# = 1°0002923, 
then for argon 

“ = 1°000281," 


PRIZE FOR ELECTRIC HEATERS. 


It may interest American inventors to know that the German Hygienic 
Association offers a prize of $1,200 for a research essay on the efficiency of 
electric heaters. The programme is as follows: ‘‘ The heat given out in 
heating installations by heaters in their various forms and modes of use is to 
be ascertained. The investigations are to be described in detail in respect to 
the arrangement of the heaiers, the nature of the heating agents and the 
observations made; and they are to be illustrated by drawings. The heat- 
ing values obtained are to be stated in units of heat given off per hour per 
unit of surface. In the case of heat given out to air, the investigations must 
be conducted with currents of air at speeds as different as possible. The 
heaters are to be described in detail as regards form and measurement, and 
the relation of their heating efficiency to their weight is also to be ascertained.” 
Essays are to be written in German, and sent with a motto and sealed enve- 
lope to Prof. Konrad Hartmann, Charlottenburg, Fasannstrasse, 18, before 
July 1, 1896. The essay will remain the property of the successful competi- 
tor, but he is required to publish it within six months, and to give the prize 
offerers gratuitously 300 copies. The offerers reserve the right to divide or 
withhold the prize. 
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METALLIC SODIUM FROM LEAKAGE CURRENTS. 


The curious observatioa, lately made in England, of the formation of 
metallic sodium as the result of the electrolytic action of leakage currents, 
has been duplicated by a similar observation recently made in Boston. The 
case in question formed the subject of a report by Messrs. Forbes & Glid en 
to the Boston Fire Underwriters’ Union, and related to the examination of a 
substance found in the casing about the electric mains in the basement of 
the Pray building. The following abstract from the report is taken from 
The Electrical World : 

‘‘The substance discovered was in reality impure metallic sodium mixed 
with partially disintegrated wood, the metallic sodium being the product of 
an electrolytic decomposition of impure sodium hydrate. This sodium 
hydrate came from the cement mortar used in laying the brick wall of the 
basement, upon which the wires were supported. Some of the hydrate may 
have possibly worked its way through the wall from the cement used in the 
foundation of the paved street (Washington Street) immediately adjacent. 

‘‘ The electric current which caused the electrolytic action was due to a 
leak inside the casing from one of the mains to another, the leak having 
been produced by the action of the sodium hydrate on the insulating cover- 
ing of the wires. This covering was what is known as ‘weather-prool,’ 
consisting of a cotton braiding covered with tar, which material is readily 
attacked by sodium hydrate and its insulating properties destroyed. * * * 

‘Inside the casing the wires were partially covered by an insulating tub- 
ing consisting of tarred paper. * * * 

“The wood at this point (¢. 2., where the sodium was found. W.), was 
badly eaten and discolored by the caustic action of the sodium, and for some 
distance around, especially along the top of the casing, was soft and wet. 

‘For several months before the sodium was found, a slight smoke had 
been noticed to issue occasionally from the casing. When the front of the 
casing was removed, the wires, tubing and woodwork about this point were 
covered with a thick liquid, which had dried in places to a white substance 
resembling discolored salt and which was slippery to the touch and strongly 
corrosive. The metallic sodium was smoking, and, when moistened and 
struck with any hard material, gave off flashes of fire. 

‘ The following tests were made.shortly after the discovery of the deposit, 
upon which the explanation given above is based. The substance was 
determined to be mainly metallic sodium by its appearance and characteristic 
reactions, and by its color in the Bunsen flame. The sample upon which 
the test was made was about half wood partially disintegrated, adhering to 
which was a mass composed of white sodium hydrate on the outside, with 
the metallic sodium in the centre. 

‘Samples were taken from the surface of the wall at numerous points 
along the front of the basement, each of which gave a strong alkaline reac- 
tion. The moisture on the wall was also strongly alkaline. 

‘The insulation on the wires about the point where the sodium occurred 
was found to be practically destroyed. The upper two wires (negative) were 
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in the worst condition, the middle two (neutral) were nearly as bad, while 
the lower two (positive) had not been so much affected. 

“The outer covering of tar, especially on the negative and neutral 
wires, had been dissolved by the action of the caustic, leaving the braid- 
ing bare and saturated with the sodium hydrate, which had dried white 
in places.”’ 
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lilustrated Catalogue and General Description of Improved Machine Tools 
Sor Working Metal. Designed and constructed by William Sellers & Co., 
Inc., Philadelphia, Pa., U.S.A. Philadelphia» Printed by J. B. Lippincott 

* Company. 1895. 

The publication above-named has been issued in place of a new edition 
of the well-known “‘ Treatise on Machine Tools*’ of this Company. This 
was found to be impracticable, by reason of the numerous changes that have 
been made in the forms and details of its standard tools, and of the number 
of new and important special tools that have been added to the list of the 
company's productions. 

It was decided, therefore, to begin de novo, and to illustrate the new pub- 
lication in the best style of the modern art of half-tone engraving, which pre- 
esents the double advantage of an attractive appearance, and of giving a 
faithful delineation of each machine. 

The present book, substantially bound in boards, forming a volume 
7%: x 7% inches, superbly illustrated, and a model of typographic execution, 
is the result. 

Coming now to the contents, a few pages are devoted to a description of 
the works, (which, without detracting from the interest of the catalogue, might 
have been made more elaborate), and the remaining 400 odd pages are given 
up to the various products of the establishment. 

The arrangement of the text and the form and size of the book appear to 
have been decided upon after careful consideration of the objects to be sub- 
served. The various products of the company are arranged in classes. The 
left-hand pages give a description of the general features of the tools illus- 
trated in each class; while those on the right contain the photo-engraved 
pictures of the ‘‘ standard” or “ special”’ tools, with title and brief specifica- 
tions, giving principal dimensions, salient operative features, etc. The pur- 
pose of this arrangement is explained in the introduction to be ‘‘to present 
to our customers a book which shall combine the advantages of an illustrated 
catalogue of tools, with brief specifications for quick reference, together with 
a general discourse for more leisurely examination. A further object in deter- 
mining the size and shape of the book has been to assist the convenience of 
the reader; the aim being to show all the tools, whether upright or horizon- 
tal, in the same position on the page and to avoid unwieldy size, while at the 
same time presenting illustrations of sufficient dimensions to exhibit details 
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clearly.’’ The form and arrangement of the catalogue are admirably adapted 
to realise these objects. 

Following is a summary statement of the principal contents : 

About a dozen pages are devoted to general introductory remarks, stating 
the purpose of the work and giving a somewhat meagre historical sketch of 
the establishment, with a few pictures of interiors of several of its depart- 
ments. Then follow, inthe order named, the bolt and nut screwing machines, 
vertical drill presses, rail drilling machines, universal drilling machines, 
radial drills, horizontal drilling and boring machines, and drills and boring 
machines for special purposes, such as locomotive cylinder boring and facing, 
vertical cylinder boring, pulley boring, car-wheel boring, etc. Then follow 
standard and special lathes, ranging from the mammoth machine for turning 
and boring 16-inch guns, down. Next come the well-known tool and drill 
grinders, milling machines, automatic gear-cutting and wheel-dividing 
machines, rotary planers, shaping machines, slotting machine planers, plate 
planing machines, punching and shearing machines, steam hammers, steam 
and hydraulic riveting machines, portable riveting machines, hydraulic accu- 
mulators, bending rolls, hydrostatic wheel presses, hoisting machines, electric 
cranes, swing cranes, car cranes, hydraulic cranes, traveling cranes. Under 
the latter head is given an illustrated description of the 150-ton electric trav- 
eling crane built for the Carnegie Steel Company, Limited. The following 
pages are devoted to railroad turn-tables, injectors and hydraulic testing 
machines (the last including the system of A. H. Emery, the designer of the 
Watertown Arsenal machine), shafting, embracing the various appliances for 
the mechanical transmission of power, and mechanical stokers. 

A very full, analytical subject-index is given at the close. bade 


| Discussion of the Prevailing Thtories and Practices Relating to Sewage 
Disposal. By Wynkoop Kiersted, C.E., New York: John Wiley & Sons. 
1894. (Price, $1.25.) 

The author treats this important subject concisely and intelligently. After 
giving a summary of the theme in his introduction, he treats of sewage and 
sewerage ; the vital process of purification, by which he means to indicate 
the natural process of purification by bacterial oxidation; then, in succes- 
sion, the methods of sewage disposal by dilution, by irrigation, by intermit- 
tent filtration, and by chemical precipitation. A general discussion of the 
merits of the foregoing methods closes the volume, which is an excellent 
résumé of the whole subject in the light of the latest and best opinion. 

Ww. 


Antisepsis and Antiseptics. By Charles Milton Buchanan, M.D.. etc. With 
an Introduction by Prof. Augustus C. Bernays. Newark, N. J.: The Ter- 
hune Company. 1895. (Price, $1.25). 

This compendium has been prepared for the use of the physician, and 
seems to contain in concise form everything essential to give the medical 
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practitioner a clear and accurate account of the evolution of antiseptic med: 
cine and surgery from its early origin to the present. The present state of 
the art is presented very fully, not only by the concise statement of the views 
of its most eminent living exponents, but also by the compilation of the rules 
of practice recommended and followed by the leading surgeons. 

A particularly valuable portion of the work is the chapter on ‘‘Antiseptics 
and their Relative Value," in which is given a digest of the properties of al! 
the antiseptic agents known and used to any extentin medicine. Itimpresses 
the reviewer as a work which would be found extremely useful in library of 
every physician. WwW. 


The Ventilation of Mines. Designed for use in schools and colleges, and 
for the practical mining men in their study of the subject. By. J. T. 
Beard, C.E., E.M. New York: John Wiley & Sons. 1894. (Price, 
$2.50.) 


a 


So far as we are aware, this is the first attempt of an American author to 
present the data upon this important topic in such form as to be available for 
the needs of the student of mine engineering. The elaborate treatises of 
Fairley, Atkinson and others are at present the only sources of authoritative 
information on the subject, and these are not suited for the use of the stu- 
dent or the average mining engineer. The author develops his subject very 
systematically and thoroughly, and the book ought to serve a very useful 
purpose. A series of practical problems is given at the close of the book. 

W. 
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Jahrbuch der Llektrochemie—Berichte iiber die Fortschritte des Jahres, 1894, 
bearbeitet von Dr. W. Nernstund Dr. W. Borchers. 1. Jahrgang. Halle 
a. 5. Verlag von Wilhelm Knapp. 1895. 
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The great increase of activity that has been apparent within the past few 
years in the field of electro-chemistry, in its application to the arts and indus- 
tries, affords ample evidence that the cultivation of this branch of applied 
science is attracting the attention of an ever-increasing body of investigators. 
Until lately this activity was confined largely to the metallurgical field, in 
which many notable advances have been achieved, as witness the electrolytic 
methods for the refining of crude copper, argentiferous lead, the production 
of aluminum, the thermo-electric methods of working metals and reducing 
refractory oxides, etc. More recently, the attention of investigators has been 
directed, with increasing interest, to the great possibilities which electrolytic 
methods open in the chemical arts and industries, and the past few years has 
witnessed astonishing developments in these directions. Thev have been ap- 
plied and, in many cases, with highly successful results, to the disinfection of 
sewage, to the dyeing and bleaching of textile fabrics and fibers, to the tan- 
ning of skins, and to the production of a great number of chemical products, 
such as soda and bleach, the chlorates, etc. The field is only fairly opened 
as yet, and the next decade will doubtless witness a radical revolution in the 
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practice of many of the chemical industries, brought about by the intro- 
duction of electrical methods. 

The progress in this branch of applied science has been so rapid that the 
need by students and investigators for reference literature has been sorely felt. 
It is being supplied, in part, by recently founded periodicals devoted to it, 
and the present “ Yearbook "’ is the latest addition to the sources of informa- 
tion that are accessible. There has been and isa positive want for such a 
record, and the Yearbook of Nernst and Borchers promises to meet it admira- 
bly. It is systematically arranged, being divided into two parts—theoretical 
and applied, which in turn are intelligently sub-classified—and appears to be 
quite exhaustive. The student and technologist will find it a storehouse of 
facts of the highest value, and it should take its place as a standard reference 
work in its special field. Both editors are well-known authorities in their re- 
spective specialties. 

The publisher has issued the book in excellent form. It is very well 
printed and illustrated. W. 


Encyclopédie des Aide-Mémoire. Dirigée par M. Léauté, membre de |’ Institut. 
Paris: Gauthier-Villars et fils et G. Masson. [Price, per volume (small 
8vo.), paper, 2% fcs. Cloth, 3 fcs.] 

The following volumes of this encyclopedia have appeared since the last 
announcement in the /ourna/, viz.: 


Witz, Ainé. Docteur és Sciences, Professeur 4 la Faculté libre des 
Sciences de Lille. Les Machines thérmiques. 

Laurent, H. Examinateur d’admission a 1'Ecole Polytechnique. 
Théorie et pratique des Assurances sur la vie. 


Léauté, H. Membre de l'Institut, et Bérard, A. Ingénieur en chef 
des Poudres et Saltpétres. Zransmissions par cables métalliques. 


The reader is referred to earlier notices of this valuable publication which 
have appeared in our book columns. Ww. 


The Mineral Industry: \ts Statistics, Technology and Trade in the United 
States and other Countries, to the End of 1894. Vol. iii. Edited by 
Richard P. Rothwell. New York and London: The Scientific Publishing 
Company. 1895. (Price, $5.) 

The third volume of this statistical, technological and trade review of the 
mineral industries forms a stately work of some 750 pages. We have stated 
in our review of previous volumes the unique advantages offered by the 
energy and enterprise of its able editor, in affording the professional engineer 
and the business man interested in mines and minerals, so promptly after 
the close of the year, the most reliable and complete information accessible 
respecting the subjects of which it treats. We have nothing—in this country, 
at least—which remotely approaches it in timeliness and comprehensiveness. 

It would only be possible to accomplish a task of such magnitude with the 
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co-operation of a large staff of capable experts, and this aid the editor ha- 
been most fortunate in commanding from the beginning of his publication 
In considering the merits of the present volume of this important work, we 
fiad nothing to cause us to qualify the warm acknowledgment of its great 
value as a reference book to professional and business men interested in the 
mineral industry, which we have bestowed upon the earlier volumes. W. 
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HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 18, 1895. 
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Jos. M. WILSson, President, in the chair. 


Present, sixty-eight members and eight visitors. 

Additions to membership since last meeting, fifteen. 

The Secretary, under instruction, reported a vacancy in the Committee 
on Science and the Arts, caused by the resignation of Mr. Clarence B. 
Schultz. The vacancy was filled by the election of Mr. John Haug for the 
unexpired term. 

Mr. Robert Grimshaw presented an oral communication on a “ Test of 
American Steam Snow-plows on the Prussian Military Railway at Mahlow,’’ 
also a communication describing the ‘‘ Improvement in Rail-Joints for Rail- 
ways,’ devised by Prof. Koepcke. (To appear in the /ourna/.) 

Mr. W. N. Jennings exhibited on the screen, and gave some account of, a 
series of photographs taken by himself, of the recent total lunar eclipse, 
which was visible in this locality, and which occurred under conditions ex- 
tremely favorable for observation. 

The Secretary’s report included, among other matters, more or less 
extended descriptive references to the substitution of the electric locomotive 
on short lines of railway and for tunnel haulage; to the extensive sys- 
tem of subways now being constructed for passenger traffic in the city of 
Boston; to the recent trials, in France, of automobile carriages, and pros- 
pective trials of such vehicles to take place in November between Chicago 
and Milwaukee. 

Adjourned. 
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Wa. H. WAHL, Secrefary. 


